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tion, by each type of operational Naval aircraft, of
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1975. The Computerized Accommodation Percentage Evaluation
(CAPE) model was used to generate data points since only
summary statistics were available for two of the popula-
tions. Each subject of every population was checked against
the requitements of the design specification, and against
the limitations of each aircraft. All aircraft were found
to accommodate more than ninety percent of the 1975 popu-
lation. Time related changes in the populations were noted
and unexplained inconsistencies in the data were discovered.
Possible sources of error were discussed and potential
solutions proposed.
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ABSTRACT

All Navy aircraft are required to accommodate,

anthropometrically, ninety percent of the user population.

Some designs have been criticized for their low accommo-

dations but those accommodations have never been quantified.

The purpose of this thesis was to quantify the accommoda-

tion, by each type of operational Naval aircraft, of

populations of Naval aviation personnel of 1964, 1969, and

1975. The Computerized Accommodation Percentage Evaluation

(CAPE) model was used to generate data points since only

summary statistics were available for two of the popula-

tions. Each subject of every population was checked against

the requirements of the design specification, and against

the limitations of each aircraft. All aircraft were found

to accommodate more than ninety percent of the 1975 popu-

lation. Time related changes in the populations were noted

and unexplained inconsistencies in the data were discovered.

v Possible sources of error were discussed and potential

solutions proposed.
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I. INTRODUCTION

The Human Engineering Design Criteria for Military

Systems, Equipment and Facilities EMIL-STD-1472B3 states

the requirement for anthropometric accommodation of

equipment users:

Design and sizing shall insure accommodatiou, com-
patibility, and maintainability by at least 90
percent of the user population. Generally, design
limits shall be based upon a range from the 5th
percentile to the 95th percentile values for
critical body dimensions.

For the special case of Naval Aircraft cockpits, the

accommodation criterion was enlarged in 1973 to include the

central 95 percent of the user population CNAVAIR SD-24K,

19733. The anthropometric description of the population is

based on data collected in 1964. Although a future survey,

scheduled for 1981, will provide a more current deseription

of the anthropometr•,c features of Naval aviation personnel.

aircraft now being designed for production and use well into

the future are being designed to accommodate the 1964 popu-

lation. The F-18. projected to become operational in 1982

will be built to accommodate the pilots of 1964. Other

designs, if they have advanced much beyond the concept

stage, are committed to the same aircrew accommodation

standards.

11



The anthropometric characteristics of the population

are changing but the design specification is not. That the

population is changing is reflected in efforts by the

National Aeronautics and Space Administration and by the

United States Air Force to predict the typical pilot size

of the future. A 1978 study conducted by NASA concluded

that stature (height) increases among pilot and potential

astronaut males could be expected to amount to about 8 mm

(1/3 inch) per decade [NASA 1024 Vol. I, 19781. The

U.S. Air Force predicted an increase in height of 0.418

inch per decade Roebuck, Kroemer, and Thompson, 1975

These changes, since 1964 and into the future, affect

pilot accommodation in operational Naval aircraft, but the

exact nature of the effect is not known.

In 1977 the Navy implemented the Anthropometric

Compatibility Assignment Program EOPNAVINST 3710.361, a

system aimed at preventing the assignment of Naval Aviators

and Naval Flight Officers to aircraft which are incompatible

with their anthropometric features. Under the provisions of

this program, pilots' and NFOs' anthropometric measurements

are taken when they enter flight training EBUMEDINST 3710.1,

19771. Values for sitting height, functional reach,

buttock-knee length, Fard leg length (for descriptions of

anthropometric terms, see Appendix A) are encoded and

become part of their permanent records. For example, a

12
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man coded

6423

would have a sitting height measurement between 38.5 and

38.9 inches, a functional reach of 30.5 to 30.9 inches,

buttock-knee length of 23.0 to 23.9 inches and a leg length

of 40.0 to 42.9 inches.

The cockpits of each operational aircraft type are

measured to determine the limits of pilot size compatible

with the cockpit CNAVAIRFINST 3710.9, 19792. The maximum

and minimum acceptable dimenýions for sitting height,

functional reach, buttock-1nee length, and leg length are

determin, . tjr each cockpit. These maxima and minima are

then converted to four coded descriptors, which signify

dimensions of exclusion for pilots. For example, an A-4E

is coded:

089 9 789 0

As with the personal anthropometric codes, the first of the

four groups of numbers corresponds to sitting height. The

second group corresponds to functional reach; the third to

buttock-knee length, and the fourth to leg length. The

code 089 9 789 0 indicates that a pilot with a sitting

height code 0, 8, or 9 would not be eligible for assignment

to an A-4E. Similarly any pilot with a functional reach

code 9, buttock-knee length code 7, 8, or 9, or a leg

length code 0 would be excluded.

* The Chief of Naval Aviation Training (CNATRA) is

13



required to utilize these codes early in each aviation

student's training to exclude the student from training

sequences leading to aircraft with which he is not com-

- patible rCNATRAINST 13520.1, 19801 The Navy Military

Personnel Command uses the anthropometric codes in the

process of assigning pilots and NFOs to aircraft squadrons.

Currently, a similar coding scheme is under consider-
ation for use internationally among free world natioun

rClauser, 19801. The need for such a program was indi-

cated by difficulties encountered by some foreign countries

operating aircraft acquired from the United States and

other foreign sources.

In Figure 1, it is apparent that the height of U.S.

Air Force flight personnel is generally greater than that

of other countries. The fifth percentile in U.S. height

is greater than the 50th percentile of the samples from

Japan, Thailand, and Vietnam. Figure 2 shows a similar

relationship for sitting height.

~~14
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Figure 1
Heights of Seven Military Populations
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Figure 2

Sitting Heights of Seven Military Populations
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1972. p. 71.

In this case the 5th percentile is larger than the 50th

percentile of Thailand and Vietnam. Aircraft designed to

accommodate people as small as the 5th percentile of the U.S.

population can be expected to exclude about half of certain

16



foreign populations and as much as 75 percent of the

Vietnam aviation personnel [Kennedy, 1973).

Although design criteria require accommodation of the

central ninety percent of the Naval aviation population,

the existing population is imperfectly described by the 1964

sample. Changes in the selection process, trends in the

United States general population were cited as factors con-

tributing to the differences between the 1964 and the 1969

populations [Moroney, Kennedy, Gifford, and Provost, 19713.

In addition, designing to accommodate the fifth and ninety-

fifth percentiles in each variable does not yield an

accommodation of ninety percent of the total population.

Since exclusion results from any one measurement being out-

side limits, accommodation is as much a function of the

correlation between measurements as it is a function of

each measurement. The correlation between measurements is

appreciably less than 1.0 and accommodation is less than

that indicated by any univariate estimate. When twelve

measurements were considered, the exclusion of subjects who

were outside the 5th and 95th percentile range in any

measurement yielded a cumulative exclusion of 48 percent

EMoroney and Smith, 19721. As the existing population is

altered further by expanding the acceptable range to

include a greater percentage of the female population, user

accommodation will be adversely affected. For example, a

generalized cockpit built to male anthropometric standards

17



excluded 22 percent of the male user population. The same

cockpit excluded 90 percent of the females in the U.S. Air

Force [Ketcham-Weidl and Bittner, 19761.

Before considering future changes in the population,

the current anthropometric exclusion situation should be

determined. However, the proportion of the Naval aviation

population excluded by the existing design specification

has not been quantitatively determined. Similarly the

proportion excluded by each specific aircraft design is

unknown. Some aircraft can be expected to exclude more

than the ten percent designed out by the specification.

Other aircraft will exclude less than the maximum allowable

ten percent by virtue of design allowance or perhaps by

chance.

The methods employed in measuring aircrew personnel

have been found to be rather unreliable CMoroney, et. al.,

19711. These measurements, however, form the basis of the

Anthropometric Compatibility Assignment Program and their

accuracy is critical since they constitute a determining

factor in an officer's career path starting point. Addition-

ally, these same data will be used to help identify (or

eliminate) subsequent aviation duty assignments. Consider-

able attention has been placed on determining the proper

use of the data but the actual collection of the data

appears to be an area where reliability could be improved.

Currently, there is no systematic method of checking

18
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anthropometric measurements. Each student is measured once

without any attempt at remeasurement or checking of the

accuracy of the measurements. If a measurement is recorded

in error, the error becomes part of the student's record,

undetected until some independent event brings the error to

light. Errors in measurement of as much as three inches

have been found EO'Leary, 19803 subsequent to the erroneous

measurement being used to determine anthropometric suit-

ability and assignment of a student to an aircraft type.

Some students have completed flight training before anthro-

pometric measurement errors were detected, resulting in

reassignment and expensive retraining.

The purpose of this thesis is to quantify the amount

of incompatibility between aircraft and aircrewmen and to

propose some alternatives to improve the reliability of the

personal anthropometric measurements now being taken. By

examining samples drawn from three Naval aviation popula-

tions, each of a different year, proportions of those

populations excluded from Naval aircraft will be determined.

I The exclusions resu4lting from changes in the population will

be quantified and the specific proportions excluded from

each aircraft type, as a function of sample source, will be

calculated. Those results will lead to a discussion of some

inconsistent patterns in the data and recommended changes in

the data collection procedure now used by the Navy.

19



Chapter 2, DATA SOURCES, describes the three data sets

analyzed. For each of the three samples: the subjects were

described, previous statistical analyses discussed, and

methods of data collection compared. Chapter 3, DATA

PREPARATION, describes the preparation of each data set

to facilitate analysis. Preparations consisted primarily

of the use of a segment of the Computerized Accommodation

Percentage Evaluation (CAPE) model to generate data points

from a statistical description of the population. Chapter

4, ANALYSIS OF DATA, describes the screening of each data

set to determine the proportion of the sample excluded.

Screening involves the elimination of any subject with an

anthropometric measurement outside prescribed limits. The

proportions excluded from each sample are then compared.

Observations on the apparent shortcomings in data collection

methods, errors in measurements, and unexplained inconsis-

tencies were included. Chapter 5, SUMMARY AND CONCLUSIONS,

includes inferences concerning interpretations of anthropo-

metric data and recomxt3ndations in the area of data

collection methods for use by the Navy.

20



II. DATA SOURCES

The data to be analyzed consisted of samples from three

populations. Samples of Naval aviation personnel were taken

in 1964, 1969, and 1975. Differences between populations

other than the year of the sample exist and they will be

discussed below.

A. THE 1964 SURVEY DATA

In 1964, a survey was conducted to determine the anthro-

pometric characteristics of personnel flying in Naval

aircraft. The survey was conducted in a manner to yield

results sufficiently precise to be utilized subsequently for

design of aircraft. The Bureau of Medicine and Surgery,

tasked to collect data for use by the Bureau of Weapons,

sent a trained anthropometric measuring team to ten different

Naval and Marine Corps air stations to take measurements.

Included in the sample were pilots, Naval Aviation

Observers, bombardier-navigators, radar observers, flight

surgeons who were designated Naval Aviators, and enlisted

personnel who were permanently designated aeronautical

personnel and who were still eligible for assignment to

subsequent duty involving flying. Naval Aviators included

both U.S. Navy and the U.S. Marine Corps flyers.

The subjects in this survey cowprised approximately ten

21
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percent of the Naval aviation population on active duty in

1964. The sample included personnel of various ages, ranks,

ethnic backgrounds and sources (Naval Academy, NROTC, etc.).

In that respect the sample undoubtedly provided an accurate

representation of the Naval a'iation population. The com-

position of the sample is somewhat different from the later

samples in the respect that enlisted men and older men were

surveyed in 1964 but not in the later samples. The relia-

bility of the measurements received special attention and

was enhanced by the repeat measurement of randomly selected

subjects, insuring rapid detection of measurement errors and

encouraging the data collectors to be careful in their task.

Each measurement was taken by personnel specifically trained

for the Job, using a technique of measurement recognized as

the most accurate available.

Published results of the survey include means and

standard deviations, as well as percentile listings for each

variable EGifford, Provost, and Lazo, 19651. Subsequent

analysis of the data led to publication of correlations

•1 between pairs of variables CMoroney, et. al., 19713.

W The results of this survey were adopted by the Navy as

the basis for aircraft design specifications. MIL-STD-1333A,

Military Standard Aircrew Station Geometry for Military

Aircraft, includes NAEC-ACEL-553 as part of the standard,

thus specifying the 1964 data as the guideline for aircraft

being built today (NAEC-ACEL-553 reported the results of the

22



1964 survey). In that sense, these results are recognized

as the standard and they have become the yardstick against

which other data can be compared.

This data set has two shortcomings with respect to this

thesis, however. No measurements of leg length (or buttock-

leg length) were taken. The components of leg length

(buttock-knee length, knee height sitting and popliteal

height sitting) were recorded but leg length had not yet

been recognized as a critical selection dimension. Also,

the results of data analysis are available, but the raw

data are not. The importance of these two limitations will

become apparent when procedures are discussed.

B. THE 1969 DATA

Subsequent to the introduction of an integrated anthro-

pometric measuring device in 1964, the Navy required that

the device be used to measure all aviation training candi-

4 dates during their aviation training entrance physical

examination, which wma administered at the School of Aviation

Medicine (now the Naval Aerospace Medical Institute). The

collection of anthropometric data was thus institutionalized

'I; and became a routine process. Eight measurements were taken

on each entering Student Naval Aviator and Student Naval

Flight Officer. These measurements were:

weight trunk height
height buttock-knee length
sitting height buttock-leg length
shoulder width functional reach

23



Between January 1966 and August 1969, 6,534 students

were measured. Their measurements comprise the data set

herein called the 1969 data. The description of this data

set was published in 1971 EMoroney, et. al., 19713 and

includes the mean and standard deviation of six measurements

(shoulder height and functional reach were deleted from the

analysis), percentile listings for those measurements and

correlations between variables.

No information on functional reach or shoulder height

was published because of the discovery of measurement tech-

nique errors resulting in measurements uncorrectible by

any means short of repeat measurement. This deviation from

ideal procedure should not have been altogether surprising

since measurements were taken by personnel whose level of

training did not match that of the 1964 data collectors.

In addition, measurements were taken and recorded with no

subsequent checking, leaving procedural errors undetected

and biasing the measurements of many subjects.

The size of the 1969 data set is quite large, consisting

of virtually all of the student aviation input for over three

years. As with the 1964 data set, no raw data is available,

only analytical results. The absence of functional reach

if from the data analysis will present an obstacle to be

discussed in Chapter 3.

24



C. THE 1975 DATA

Following the publication of the results of the 1969

data analysis, an improved integrated anthropometric

measuring device was installed at NAMI and it was subse-

quently used to measure incoming students. That device is

still in use today. It is operated by NAMI staff Hospital

Corpsmen and it was used to measure the same eight dimen-

sions as was its predecessor. A sample of 968 students

who entered training in 1975 comprise the subjects of the

1975 data. The raw data is available and from an examina-

tion of the data points thirty-two subjects were found to

be deficient in some respect and did not meet the entry

requirements delineated by the Bureau of Medicine and Surgery

LMANMED, 1978]. Most of these ineligibilities were based on

excessive weight. However, all subjects were screened for

minimum and maximum values of weight, height, sitting height.

and buttock-leg length, as well as for height-weight rela-

tionship. The remaining 936 subjects comprise the acceptable

t sample.

The 1975 data were collected in a manner similar to that

used for the 1969 data set: a routine execution of estab-

lished procedures by Navy enlisted personnel. The 1975

data also manifest data collection deviations similar to

those of the 1969 data. The number of subjects is smaller

than either of the other samples Nut still large enough to

lend itself to statistical analysis.

25



III. DATA PREPARATION

The goal of the analysis was to determine the proportions

of the 1964, 1969, and 1975 samples excluded by the four

anthropometric limitations (sitting height, functional

reach, buttock-knee length, and leg length) required by

OPNAVINST 3710.36A. This goal was achieved by screening

each subject four times, once for each of his measurements,

and eliminatinr ;-very subject whose measurements were not

all within . iits.

This nrocedure required knowledge of the four individual

measurements for each subject. In the 1975 data set, the

four measurements (and more) were readily available. For

J the earlier data sets, only means, standard deviations, and

correlations were available and no individual measurements

were known. It was necessary, therefor, to generate data

to simulate those measurements.

The Computerized Accommodated Percentage Evaluation

(CAPE) model CBittner, 19752 was used to generate the

required data points. This model required as entering

arguments the mean ana standard deviation for each of the

four variables, as well as a matrix of correlations between

variables. The model used a Monte Carlo process to generate

data points. A program listing is included in Appendix C

(Appendix D presents the same program modified for use with

26
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the IBM 360-67 computer and other machines using Fortran IV).

The CAPE model has been incorporated in the Computerized

Accommodated Reach Model and is available at the Naval

* Aviation Development Center, Warminster, Pennsylvania.

Unfortunately, some of the values required for generating

the data points were missing from the survey reports.

Specifically, the 1964 data included no information on leg

length and the 1969 data omitted functional reach. It was

necessary to find values in similar populations and substitute

them for those missing. Taking values from other populations

required the assumption that concurrent populations, similar

in cultural, racial, and demographic compositiok., and having

passed similar anthropometric entrance requirements, will

have comparable anthropometric features. That assumption

was made and surrogate values for the missing means and stan-

dard deviations were taken from populations which matched

the descriptions of the populations under analysis (1964 and

F Ii1975), both subjectively and numerically. Inter-variable

correlations were determined on much the same basis: substi-

tuting correlations from similar populations. Ketcham-Weidl

and Bittner C19763 had substituted correlations from a data

set of male subjects into a set of female data and exper-

ienced little loss of precision.

For the 1964 data, the mean and standard deviation for

leg length were assumed to be 43.82 and 2.01 inches, respec-

tively. Those values were established in a 1963 survey of

27
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U.S. Army helicopter students [Schane, Littell and Moultree,

19693. Of the information available, the population of that

survey, better than any other, approximated the 1964 Naval

aviation population with respect to the factors which Moroney

[1971] reported as influencing differences between the 1964

and 1969 Navy data sets. The Sitting height-Leg length cor-

relation maintained the same value (0.45) for the 1969 and

1975 data sets so the same value was used for 1964. Func-

tional reach-Leg length and Buttock knee-Leg length

correlations (0.639 and 0.860) were extracted from a 1970

survey of U.S. Army aviators [Churchill, McConville, Laubach,

and White, 1971), again because of the similarities in

descriptions of the 1970 Army and 1964 Navy populations.

For the 1969 data, Functional reach values for USAF

flight personnel reported by Churchill E19713 were used for

the mean and standard deviation (31.24 and 1.62 inches).

The sitting height-functional reach and the buttock knee-

functional reach correlations were assumed to be the same as

those found in the 1975 da'l, 0.44 and 0.63, respectiveiy.

These values were greater than those of the 1964 data and

their use, rather than the 1964 values, would influence

error iL the conservative direction, that is, in the direc-

tion of lesser difference between univariate and multi-

* +.-iate exclusion. The leg length-functional reach corre-

.1 lation was taken from Churchill's 1970 survey and is the
* 'same value assumed for the 1964 data.

28
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Table I

CAPE INPUTS AND OUTPUTS
FOR THE 1964 DATA

Means, Standard Deviations and Ranges

Observed Generated
Variable Data - Data

Sitting Height
mean 36.28 36.29
std.dev. 1.25 1.26
range 32.19-41.62 31.81-40.25

Functional Reach
mean 31.51 31.47
std.dev. 1.42 1.40
range 27.26-36.31 26.35-35.38

Buttock-Knee Length
mean 24.09 24.10
std.dev. 1.00 9.94
range 20.73-27.81 21.06-27.11

Leg Lengtha
mean 43.82 43.82
std.dev. 2.01 1.99
range 37.97-49.87t ii

aSchane, W.P., Littell, D.E.', and Moultree, C.G.,
Selected Anthropometric Measurements of 1,640 U.S. Army
Warrant Officer Candidate Flight Trainees, U.S. Army
Aeromedical Research Laboratory Report 69-2, as reported
in: Anthropometric Source Book Volume II: A Handbook of
Anthropometric Data, NASA Reference Publication 1024,
1978, p. 156.
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Table II

CAPE INPUTS AND OUTPUTS
FOR THE 1964 DATA

Correlations

Sitting Functional Buttock- Leg
Height Reach Knee Length Length

Observed Data

Sitting Height 1.0 .376 .382 .45a
Functional Reach 1.0 .586 .639b
Buttock-Knee Length 1.0 .8 6 b
Leg Length 1.0

Generated Data

Sitting Height 1.0 .410 .374 .446
Functional Reach 1.0 .587 .650
Buttock-Knee Length 1.0 .867
Leg Length 1.0

aSame as observed value for 1969 and 1975 samples.

bChurchill, E., McConville, J.T., Laubach, L., and
White, R.M., Anthropometry of U.S. Army Aviators-1970, U.S.
Army Natick Laboratories Technical Report 72-52-CE, December
1971, p7 278.
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Table III

CAPE INPUTS AND OUTPUTS
FOR THE 1969 DATA

Means, Standard Deviations, and Ranges

Observed Generated
Variable Data Data

Sitting Height
mean 36.76 36.77
std.dev. 1.21 1.22
range 31.70-41.0 32.43-40.61

Functional Reacha
mean 31.24 31.20
std.dev. 1.62 1.60
range 20.02-35.73

Buttock-Knee Length
mean 24.54 24.55
std.dev. 1.26 1.25
range 20.40-29.90 20.67-28.31

Leg Length
mean 43.86 43.86
std.dev. 2.08 2.05
range 32.50-50.70 38.14-50.02

aChurchill, E., McConville, J.T., Laubach, L., and
White, R.M., Anthropometry of U.S. Army Aviators-1970, U.S.
Army Natick Laboratories Technical Report 72-52-CE, December
1971, p. 91.
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Table IV

CAPE INPUTS AND OUTPUTS
FOR THE 1969 DATA

Correlations

Sitting Functional Buttock- Leg
Height Reach Knee-Length Length

Observed Data

Sitting Height 1.0 . 4 4 a .40 .45
Functional Reach 1.0 .63a .6 3 9 b
Buttock-Knee Length 1.0 .86
Leg Length 1.0

Generated Data

Sitting Height 1.0 .473 .393 .449
* Functional Reach 1.0 .629 .652

Buttock-Knee Length 1.0 .801
Leg Length 1.0

aSame as observed value in 1975.

bChurchill, E., McConville, J.T., Laubach, L., and
White, R.M., Anthropometry of U.S. Army Aviators-1970, U.S.
Army Natick Laboratories Technical Report 72-S2-CE, December1971, p. 278.
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Table V

DATA SET COMPARISON

Means, Standard Deviations, and Ranges

Variable 1964 1969 1975

Sitting Height

mean 36.28 36.76 36.61

std.dev. 1.25 1.21 1.15

range 32.19-41.62 32.43-40.61 32.90-40.00

Functional Reach

mean 31.51 31.24 30.89

std.dev. 1.42 1.62 1.16

range 27.26-36.31 26.02-35.73 27.10-34.60

f Buttock-Knee Length

mean 24.09 24.54 24.05

std.dev. 1.00 1.26 1.07

range 20.73-27.81 20.67-28.31 20.70-26.80

Leg Length

mean 43.82 43.86 42.89

std.dev. 2.01 2.08 1.89

range 37.97-49.87 38.15-50.02 37.10-48.20
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Table VI

DATA SET COMPARISON

Correlations

1964

Sitting Functional Buttock- Leg

Height Reach Knee Length Length

Sitting Height 1.0 .376 .382 .45

Functional Reach 1.0 .586 .639

Buttock-Knee Length 1.0 .86

Leg Length 1.0

1969

Sitting Height 1.0 .44 .40 .45

Functional Reach 1.0 .63 .639

SButtock-Knee Length 1.0 .86

Leg Length 1.0

1975

Sitting Height 1.0 .44 .40 .45

Functional Reach 1.0 .63 .61

Buttock-Knee Length 1.0 .79

Leg Length 1.0

34

_______ . .. . < -'..., ~..1



When the assumed values described above were included

in the data analysis, the requirements for CAPE input were

complete. The inputs to CAPE are listed in Tables I

through IV under Observed Data. One thousand subjects were

generated for the 1964 and for the 1969 data sets. Together

with the 1975 data in its original, as observed form, the

result was three similar data sets with sample sizes of

1.000, 1000, and 936. The validity of this model's perfor-

mance has been demonstrated with a correlation between

empirical and generated results of 0.997 to 0.999tBittner,

19743. For the 1964 and 1969 data sets, the CAPE generated

output was analyzed to insure that the means, standard

deviations, and correlations of the generated data were

actually those sought. The values used as inputs to CAPE

and those resulting from analysis of the generated data are

shown in Tables I through IV. Tables V and VI compare the

summary statistics for all three data sets.
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IV. ANALYSIS OF DATA

;4 As a result of the data generating procedure, all three

data sets included a value for each of the four relevant

measurements for each subject. The samples were then

examined more closely to determine which subjects in each

sample would be excluded, either by design constraints (5th

to 95th percentiles or 3rd to 98th percentiles) or by air-

craft constraints specified by NAVAIRINST 3710.9.

A. PERCENTAGES EXCLUDED

Fortran program SCREEN was used to count the subjects

who were too large or too small to satisfy anthropometric

requirements. For each of the three samples, identical

screening operations were conducted. Each subject was

examined and excluded if any one or more of the four

measurements under consideration was outside prescribed

limits. Each subject's anthropometric features were tested

against each cutoff limit. Thus an individual might be

excluded on both functional height and sitting height but

not on buttock-knee length and leg length. For each elimin-

ation encountered, the subject was counted as being

eliminated and each variable causing an elimination was

tallied. At the end of each sample, the resultant totals

were converted to percentages of the total sample, yielding

36



a percentage eliminated by each of the four variables and

a total exclusion resulting from the net effect of the four

variables' eliminations.

The prescribed limits mentioned above were set equal to

the percentile values in the design specification (5th and

95th or 3rd and 98th percentiles). Then the limits were

set, successively, to the anthropometric limits of each

aircraft for which anthropometric coding had been estab-

lished ENAVAIRINST 3710.93.

1. Design Constraints

To screen the samples by design specification, the

subjects were screened to eliminate those with any of the

four measurements less than the 5th percentile or above the

95th percentile of the 1964 data, the design standard EMIL-

STD-1472BI. Then the screening cutoff points were changed

to correspond to the 3rd and 98th percentiles CNAVAIR SD-24K,

19733, and the screening process was repeated.

It is interesting to note at this point that percen-

tile values for leg length of the 1964 data do not exist

since that measurement was not taken in the 1964 survey.

Still, the Navy considers leg length to be a critical dimen-

sion in that it is one of the measurements included in the

Anthropometric Compatibility Assignment Program. Critical

dimensions are also the basis of the design specification

"since '...design limits shall be based upon a range from the

5th percentile to the 95th percentile values for critical
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body dimensions' CMIL-STD-1472B2. Since the percentile

values were not available, values used for leg length

percentiles were determined from the CAPE generated sample

of 1000 subjects, described in Chapter III, DATA PREPARATION.

The design specification percentile screens resulted

in the maximum exclusion percentage to be expected if air-

craft were designed to accommodate only the specified

percentiles, and no more, for each dimension. This result

amounts to a worst case exclusion and could occur only if

a design exactly met the bare minimum accommodation in each

variable, a very unlikely event, and one which would still

not meet the requirement to accommodate 90 percent of the

user population as specified by MIL-STD-1472B. The percen-

tile screen results, shown in Table VII, show that cumulative

i iexclusion can greatly exceed the maximum single variable

elimination. For example, the 1969 data screened on the

5th to 95th percentiles shows a total exclusion of 40.4

percent but the highest single variable elimination is the

1l 21 percent excluded by buttock-knee length.

3
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Table VII

Design Specification Exclusions for
the 5-95 Percentiles and the 3-98 Percentiles

Variable 1964 1969 1975

5th to 95th Percentile

Percentage Excluded

Sitting Height 11.1 11.5 7.7

Functional Reach 8.7 14.6 8.4

Buttock-Knee Length 9.1 21.0 13.2

Leg Length 9.8 11.3 11.8

Cumulative 26.4 40.4 26.7

3rd to 98th Percentile

Percentage Excludad

Sitting Height 5.0 4.7 2.7

Functional Reach 4.8 9.4 5.9

Buttock-Knee Length 5.4 11.6 6.4

Leg Length 4.9 4.7 6.9

Cumulative 14.3 22.7 14.3
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The difference between cumulative exclusion and the

largest univariate exclusion figure, which could be taken

falsely as an upper bound, is due to the non-unity corre-

lation between variables. Although some anthropometric

models have described all anthropometric dimensions as a

specific multiple of height CRoozbazar, 19791 with the

implicit assumption of intervariable correlation equal to

1.00, those models fail to recognize the variable propor-

tions of people and would lead to the acceptance of the

largest univariate exclusion as the net cumulative exclu-

sion. The assumption of a correlation of 1.00 amounts to

treating the population as if the man with 95th percentile

height must also have 95th percentile leg length, 95th

percentile shoulder width, and 95th percentile in all

measurements, i.e., 'the 95th percentilo man.' If that were

the case, the percentile screens would have eliminated the

some subjects on all variables, as well as on the cumulative

exclusion. If, at the other extreme, intervariable corre-

lation were zero, the single variable eliminations would be

independent and their arithmetic sum would appear as the

cumulative exclusion.

In reality, some subjects with leg lengths shorter

than the 5th percentile also have sitting heights less than

the 5th percentile. Others have short legs but sitting

heights nearer the mean. The evidence of variable propor-

tions along with variable sizes is found in the cumulative
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exclusion values. Generally, the cumulative exclusion is

less than the sum of the single variable eliminations but is

greater than any of the single value eliminations. Only

rounding error could cause the cumulative exclusion to

exceed the sum of the single variable eliminations. The

cumulative exclusion is generally as small as the largest

single variable when only one variable resulted in any

elimination.

2. Aircraft Constraints

The specific aircraft screens were accomplished with

the same technique as used on the design specification

screens. The cut points for each variable were the values

corresponding to each aircraft's anthropometric restrictions

* specified by NAVAIRINST 3710.9. Then, for each aircraft,

the three samples were examined to eliminate subjects whose

anthropometric measurements were large enough, or small

enough, to be excluded by the aircraft's restrictions. The

number of subjects eliminated by each measurement and the

cumulative exclusions were totaled and converted to a percen-

tage of the sample. Different aircraft with the same

anthropometric restrictions were consolidated into eighteen

groups and the screens were executed, resulting in the 1964,

1969, and 1975 samples being matched to all aircraft types.

The percentage exclusions are shown in Table VIII, which

lists aircraft types in alphabetical order.
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Table VIII

Exclusion by Aircraft Type

Exclusion Percentage

Aircraft Code Variable 1964 1969 1975

A-3 - sit.ht. - - -
9 fnct.rch. 0.6 2.6 0.3

- b-knee lnth. - - -
0 leg lnth. 0.1 0.0 0.1

cumulative 0.6 2.6 0.4

A-4E 089 sit.ht. 0.9 1.7 0.4

A-4F 9 fnct.rch, 0.6 2.6 0.3
789 b-knee lnth. 1.0 6.6 0.6

0 leg length 0.1 0.0 0.1
cumulative 2.5 10.3 1.5

A-4M 0 sit.ht. 0.2 0.1 0.0
9 fnct.rch. 0.6 2.6 0,3

789 b-knee lnth. 1.0 6.6 0.6
0 leg length 0.1 0.0 0.1

cumulative 1.8 9.3 1.1

A-6A 06789 sit.ht. 5.0 9.6 4.0
A-6B - fnct.rch. - - -
A-6E 9 b-knee lnth. 0.0 0.4 0.0

- leg length - - -
cumulative 5.0 9.9 4.0

A-7A 089 sit.ht. 0.9 1.7 0.4
A-7C 6789 fnct.rch. 7.4 13.6 8.8
A-7E 9 b-knee lnth. 0.0 0.4 0.0

0 leg length 0.1 0.0 0.1
cumulative 8.2 15.6 9.2

AV-8A 09 sit.ht. 0.4 0.8 0.1
9 fnct.rch. 0.6 2.6 0.3

9 b-knee lnth. 0.0 0.4 0.0
- leg length - - -

cumulative 1.0 3.8 0.4

C-118 - sit.ht.
C.131 - fnct.rch. - -

-1 - b-knee lnth. - - -
0 leg length 0.1 0.0 0.1

cumulative 0.1 0.7 1.6
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Table VIII (Continued)

Exclusion by Aircraft Type

Exclusion Percentage

Aircraft Code Variable 1964 1969 1975

CH-53 - sit.ht. - -
- fnct.rch.

- b-knee lnth. - - -
01 leg length 0.7 0.7 1.6

cumulative 0.7 0.7 1.6

EA-3 - sit.ht. - - -
9 fnct.rch. 0.6 2.6 0.3

- b-knee lnth. - - -
0 leg length 0.1 0.0 0.1

cumulative 0.6 2.6 0.4

EA-6B 06789 sit.ht. 5.0 9.6 4.0
- fnct.rch. - - -

9 b-knee lnth. 0.0 0.4 0.0
- leg length - - -

cumulative 5.0 9.9 4.0

EA-6B 06789 sit.ht. 5.0 9.6 4.0
(LF) 9 fnct.rch. 0.6 2.6 0.3

9 b-knee lnth. 0.0 0.4 0.0
- leg length - - -

cumulative 5.6 12.5 4.3

F-4B(F) 0789 sit.ht. 2.0 3.9 1.7
F-4J(F) 89 fnct.rch. 1.8 4.3 1.9
F-4N(F) 9 b-knee lnth. 0.0 0.4 0.0
F-4S(F) 0 leg length 0.1 0.0 0.1

cumulative 3.8 8.4 3.6

F-4B(R) 89 sit.ht. 0.7 1.6 0.4
F-4J(R) - fnct.rch. - - m

F-4N(R) 9 b-knee inth. 0.0 0.4 0.0
F-48(R) - leg length - - -

cumulative 0.7 2.0 0.4
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Table VIII (Continued)

Aircraft Exclusion by Aircraft TypeExclusion Percentage

Code Variable 1964 1969 1975

F-8D 0789 sit.ht. 2.0 3.9 1.7
F-8J - fnct.rch. - -

9 b-knee lnth. 0.0 0.4 0.0
- leg length - -

cumulative 2.0 4.2 1.7

F-14(F) 0 sit.ht. 0.2 0.1 0.0
9 fnct.rch. 0.6 2.6 0.3
9 b-knee lnth. 0.0 0.4 0.0

- leg length - -

* cumulative 0.8 3.1 0.3II F-14(R) - sit.ht. - -

- fnct.rch. - -

9 b-knee lnth. 0.0 0.4 0.0
-leg length - -

cumulative 0.0 0.4 0.0

H-2 - sit.ht. - -

89 fnct.rch. 1.8 4.3 1.9
- b-knee lnth. - -

0 leg length 0.1 0.0 0.1
cumulative 1.8 4.3 1.9If

OV-10 - sit.ht. - -

9 fnct.rch. 0.6 2.6 0.3
9 b-knee lnth. 0.0 0.4 0.0

- leg length - -

cumulative 0.6 3.0 0.3

RA-5C 09 sit.ht. 0.4 0.8 0.1
(F) - fnct.rch. - -

9 b-knee lnth. 0.0 0.4 0.0
0 leg length 0.1 0.0 0.1

cumulative 0.5 1.2 0.2

RF-4B 0789 sit.ht. 2.0 3.9 1.7
(F) 89 �nct.reh. 1.8 4.3 1.9

9 b-knee lnth. 0.0 0.4 0.0
0 leg length 0.1 0.0 0.04 cumulative 3.8 8.4 3.6



Table VIII (Continued)

Exclusion by Aircraft Type

Exclusion Percentage

Aircraft Code Variable 1964 1969 1975

RF-4B 89 sit.ht. 0.7 1.6 0.4
(R) - fnct.rch. - - -

9 b-knee lnth. 0.0 0.4 0.0
-leg length - - -

cumulative 0.7 2.0 0.4

RF-8 0789 sit.ht. 2.0 3.9 1.7
- fnct.rch. - - -

9 b-knee lnth. 0.0 0.4 0.0
- leg length - -

cumulative 2.0 4.2 1.7

4 8-3 - sit.ht. - -

¶ - fnct.rch. - - -
9 b-knee lnth. 0.0 0.4 0.0
-leg length - - -

cumulative 0.0 0.4 0.0

T-2C 0 sit.ht. 0.2 0.1 0.0
TA-4 9 fnct.rch. 0.6 2.6 0.3
TAV-8 9 b-knee lnth. 0.0 0.4 0.0

1 0 leg length 0.1 0.0 0.1
cumulative 0.8 3.1 0.4

U-16 - sit..ht. - -

- fnct.rch. - -

- b-knee lnth. - - -
0 leg length 0.1 0.0 0.1

cumulative 0.1 0.0 0.1

NOTE:
(F) - Front seat
(R) - Rear seat

(LF) - Left front seat
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B. RESULTS

The design criterion requiring accommodation of the 5th

and 95th percentiles results in exclusion of over 26 percent

of the population. That result fails to meet the goal of

90 percent accommodation. Designing to the 3rd and 98th

percentiles, instead of the 5th and 95th. reduced exclusion

to 14 percent. That result still does aot meet the 90 per-

cent accommodation goal.

No aircraft type's coding eliminated as much as ten per-

cent of the 1964 sample. The A-7 exclusion was 8.2 percent

and was the worst case. The accommodation by all aircraft

of more than 90 percent would seem to indicate that the

cockpit designs included a margin of accommodation allowance

in addition to the minimum required. Such a safety factor

in design is not unexpected but is still technically an

unrequired bonus.

The exclusion percentage was not constant, but changed

from one sample t, the next. The greatest exclusions were

found in the 1969 data while the 1964 and 1975 cumulative

exclusions were about the same. Although cumulative exclu-

sions were nearly equal, the contributing factors had

varying proportions. Sitting height eliminations decreased

and eliminations due to buttock-knee length and leg length

increased.

The 1969 data exhibited other features of incongruity

which detracted from the credibility of the three data sets
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Figure 3

Comparison of Selected Variables
3 Jand Standard Deviations

Variable Inches Year

1964 1969 1975

73-
72-.
71-j

Height 70-
69-
68-
67-

46-
45-

Leg 44- No
Length 43- Data

42-

S41-

38-

Sitting 37-
Height 36-

35-

27-
26-

Buttock- 25- 1 T
Knee Length 24-23-o

22.

NOTE: , - mean

. - one standard deviation from mean
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taken as a whole. These effects reflected the presence of

1 iunidentified factors, not entirely explained by the facts

available. While height increased steadily from 1964 to

1975, its components did not. As seen in Figure 3, which

* shows mean values and one standard deviation on either side

of the mean, mean height increased from 69.94 to 70.15

inches, a rate of 0.427 inches per decade. That rate con-

firms the USAF prediction of 0.418 inch per decade tRoebuck,

et. al.3. However, the increased height does not appear as

an increase in the other long bone measurements which are

components of height. From 1969 to 1975, both mean sitting

height and mean leg length appear to have decreased. The

increase in height should be traceable to an increase in

sitting height, an increase in leg length, or both, but

neither was noted. Explanations other than erroneous data

are possible, but not supported by knowledge of the popula-

tion. It could be hypothesized that an increasing

concentration of fat in the buttocks could increase both

sitting height and leg length measurements while not

affecting height. This effect has not been observed.

Another possible explanation, operator induced loss of

precision, would be accompanied by increases in the variation.

An examination of Table V and Figure 3 indicate that standard

deviations remained relatively constant, indicating the

absence of excessive random error by equipment operators.
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The inclusion of a constant error in any of the measure-

ments in one or more data sets could account for the

apparent inconsistency. This kind of error should be

precluded by the use of standard procedures and calibrated

equipment. The 1969 data were collected from measurements

taken with a device for which no calibration was provided.

There was no calibration procedure or equipment associated

with the integrated anthropometric measuring device until

after the introduction of the improved device in 1971.

Although a means of calibrating the improved anthropometric

measuring device was provided after 1971, the calibration

equipment is no longer available and the date of the last

calibration is unknown.
The largest contributor to the apparent error is the

diminished leg length in 1975. The reduction of nearly an

inch is difficult to believe. Leg length is also a diffi-

cult measurement to take accurately CMoroney, 19803. The

position of the subject being measured (sitting erect with

his right leg maximally extended horizontally in front of

him) is difficult for some individuals to attain. The

inflexibility of some muscular legs prevents the leg from

being straightened completely. Methods aimed at straighten-

ing the leg can result in the hips rolling forward, causing

the buttocks to move outward from the seat back. The

measured leg length is then either too long (with the leg
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s*'raight and buttocks forward) or too short (with the leg

slightly bent).

The 1975 data also appeared to have been influenced by

rounding. The frequency of whole inch and half inch measure-

ments is greater than expected. The bias incurred in the

mental rounding process is indeterminate and no effort was

made to correct for it. The existence o the effect indi-

cates a need for a procedural modification.

The exclusion determined here were based on the consider-

ation of only four variables. Although, of the available

measurements, they were considered to be the most important

with respect to accidents, injuries, and aircraft controlla-

bility, EMoroney, 1980 they are not the only measurements

relevant to accommodation. Administrative limitations set

by NMPC established that no more than four variables would

be used. The practice of collecting anthropometric data at

the flight training entry point and the specific measurements

taken there determined which measurements could be used.

The inclusion of additional measurements, such as shoulder

width, could only increase exclusions. The substitutions of

other measurements could affect the exclusion results

similarly.
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V. SUMMARY AND CONCLUSIONS

The Navy requires airplane cockpit designs to accom-

modate ninety percent of the Naval aviation population. In

support of that goal, designs are required to accommodate

the 5th to 95th percentiles (or the 3rd to 98th percentiles)

of critical body dimensions. The success or failure of

aircraft designers in accommodating the population had not

been quantified, heretofore. By examining anthropometric

data from three populations (1964, 1969, and 1975), two of

which were generated by the Computerized Accommodated Percen-

tage Evaluation Model (CAPE), exclusions allowed by the

design specification and exclusions associated with each

aircraft type were determined. The numerical values corres-

ponding to the percentiles named in the specification (5 to

95 or 3 to 98) were compared to the measurements of each

subject in each population to determine the proportion of

subjects of each population having at least one measurement

outside the limits of accommodation and therefor excluded.

The results were the exclusions expected from designing to.

the specified percentiles. The aircraft exclusions wcýre

found by comparing aircraft anthropometric exclusion codes,

assigned by NAVAIR, and the measurements corresponding to

those codes, to the three populations. That process

resulted in an exclusion percentage for each aircraft and

each population.
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It was found that:

1. The design specification requiring accommodation of the

5th to 95th percentiles excluded 26 percent of the specified

population.

2. Designing to the 3rd to 98th peiLcentiles excluded 14

percent of the population.

3. Exclusions, both those allowed by the specification and

those peculiar to each aircraft, varied over time.

4. All aircraft accommodate more than the required ninety

percent of the most recent population sample.

5. The proportion of exclusion caused by a given variable

:1 changed over time.

S6. There are inconsistencies in the data.

A. DESIGN SPECIFICATION

The design specification should result in at least ninety

percent of the user population being accommodated by each

aircraft. Reference to the 5th and 95th percentiles and to

the 3rd and 98th percentiles of critical body dimensions

serves only to fog the issue. The imaginary '95th percentile

man,' consisting of a 95th percentile measurement for all

variables, is assumed from the requirement to design to his

dimensions. The tacit assumption that anthropometric

features can be assembled and generalized to form a 95th

percentile man is false and misleading since it assumes a

correlation of 1.00 between anthropometric features. The

specification would be more effective if it were to require
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accommodation of ninety percent of the population and remain

silent on the accommodation of singular dimensions. Deletion

of all reference to percentiles in the specification would be

a productive change. However. anthropometric data should

still be reported in percentiles for use in univariate

applic'ations.

The Navy is currently enjoying the benefit of an unre-

quired bonus in the area of user accommodation. Ninety

percent accommodation was required, more than that is

delivered, at least for the four variables examined, based

on the 1975 data. Although there appears to be nothing to

indicate that this bonus will not continue, there is like-

wise nothing to guaranty that it shall. If a future aircraft

design were successful in accommodating exactly the required

ninety percent, the consequences would amount to exclusions

greater than those being experienced on any current Navy

aircraft and the design specification would still have been

satisfied. Since there is feeling in the Navy that current

user accomniodation is insufficient and since the ninety

percent accommodation requirement is being met, either the

Navy must change the ninety percent requirement or adjust its

attitude toward current accommodations. The answer may be

found in partitioning the user population into groups, each'I
of which currently flies in a particular type aircraft.

ýA •Then specify the 'user population' to be one of those groups,

"rather than all flying personnel in the Navy, and require
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accommodation of the entire group. This solution, while

easy to conceive, would be difficult to administer.

B. COCKPIT RESTRICTIONS

The exclusions enumerated in Table VIII indicate that

the Navy has a minimal problem, on the global level, !iith

incompatible planes and personnel. The attention that the

problem has received would hardly seem justified by the

miniscule exclusions indicated by the analysis. The

expense in terms of money, man-hours, and effort reflected

in the production of instructions by OPNAV, BUMED, CNATRA,

and NAVAIR, together with the resultant effort necessary to

comply with their requirements must have been justified by

a judgement that a problem existed but the numbers in Table

VIII do not reflect the magnitude of the problem. A reason

that more impressive numbers don't appear in the table

might be in the aircraft codes' inaccuracy, or in their

failure to account for influential variables.

The accuracy of the aircraft codes is dependent on a

Judgement factor on the part of the people who measure air-

ccaft cockpits. The anthropometric codes assigned to

aircraft are based on cockpit measurements adjusted for

clothing and equipment worn by the user. Those adjustments

cannot allow for all variations. The codes assigned to

U aircraft can also be affected by forecasts of the consequencesi

of the codes assigned. The prospect of excluding an unsuit-

'(I ably large portion of the user population coula have
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influenced aircraft exclusion code assignments in the direc-

tion of minimal effect.

The high cost of error does not appear in the table but

undoubtedly accounts for the attention given to such unim-

pressive exclusion figures. The cost of losing an airplane

or an aircrew is considerable. That cost makes any erroneous

assignment of personnel potentially disastrous and may

account for the emphasis in the area of aircrew accommoda-

tion.

Additionally, anthropometric restrictions can affect an

officer's career rather markedly by denying him assignment

to the type aircraft he is motivated to fly. That fact

makes the globally small exclusion problem a crisis on the

individual level and explains why the attention level

exceeds that expected from examining the exclusion figures.

C. DATA INCONSISTENCIES

The data iidicate that the values associated with anthro-

pometric features shifted over time. Although the exclusions

by design specification in 1964 and those in 1975 were about

the same (see Table ViIi), the individual variables respon-

sible for the exclusions were of varying influence. In 1964,

sitting height caused more exclusions than it did in 1975,

while buttock-knee length and leg length caused more in 1975

than in 1964. The 1969 data show higher exclusion than

Seither of the other two data sets. Sitting height, buttock-
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knee length, and leg length all peaked in 1969, accounting

for the corresponding peak in exclusions.

The exclusion results varied erratically over time.

There are inconsistent effects in the data and the lack of

continuity cannot be explained with the information avail-

able. The leg length measurement is the most likely source

of the inconsistent effects and the discontinuance of leg

length as a critical measurement might be beneficial if

another measurement could be substituted. Buttock-knee

length might be used as a substitute for leg length since

the two variables are well correlated (r=.8). Alternatively,

a measurement taken in a sitting position approximating a

cockpit seating position could be substituted. Measuring

from the heel to the seat back via the front edge of the

seat would accomplish, more directly, the purpose presently

being attempted by the leg length measurement. The problems

encountered measuring leg length would be eliminated and the

measurements of personnel and of aircraft cockpits would be

more comparable and, consequently, more effective in matching

personnel to airplanes. Such a measurement of 'functional

leg throw' would be a special purpose dimension not included

in previous surveys. Previous surveys, however, were not

faced with the special problem now at hand and the cost of

designing and implementing this new measurement could be

SA recovered in the prevention of a single aircraft accident.
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D. DATA LIMITATIONS

Of all the anthropometric dimensions which might be con-

sidered, the Navy collects data on eight anthropometric

features (including weight) considered relevant to flight

safety. Of those eight variables, only four are considered

in the process of assigning personnel to aircraft. The

limitation to four variables is not necessarily optimum with

respect to flight safety since the administratively driven

maximum of four variables was the effective constraint. The

inclusion of additional variables, if they were found to be

relevant, could only decrease accommodation further. The

decrease could be dramatic if the additional variables were

poorly correlated to those already considered.

The problems arising from variables in combination (but

not visible in single variable evaluation) have been recog-

nized rCNATRAINST 13520.1, 19801 but no description of the

interaction between variables is included in the Anthropo-

metric Compatibility Assignment Program. For example, the

minimum functional reach and leg length necessary to reach

controls varies as the position of the seat changes. The

position of the seat is determined largely by the sitting

height of its occupant. An individual with a short sitting

height must raise the seat high enough to allow vision over

the nose of the aircraft. As the seat rises, it also moves

aft slightly, causing the rudder pedals to be adjusted aft

and also requiring a longer functional reach to enable the
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man to reach the controls. Thus, sitting height determines

in part the effective minima for leg length and functional

reach values, making required leg length and functional

reach distances functions of sitting height. The values used

for anthropometric coding, however, are determined irres-

pective of seat position changes. An additional

anthropometric code should be established to identify those

personnel who meet all the limits but whose combination of

anthropometric features could create problems.

The procedures used to take measurements in the 1969 and

1975 data sets were deficient in some respects. Most notably,

the failure to calibrate the integrated anthropometric

measuring device was unfortunate. The apparent rounding of

measurements also induced error. The calibration deficiency

can be corrected by instituting a requirement to document

periodic calibration and adjustments, as is required by the

Preventive Maintenance System. The rounding error could be

eliminated by converting the measuring device to provide

digital displays of measurements. Better, but also more

expensive, an automated measuring device could record

measurements without requiring the operator to read and

record numbers. Such a device would also prevent the oper

ator from rounding measurements or inserting any bias into

the data.

cerning leg length, a critical body dimension about which
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- ithere is no data in the design specification (1964 data),

points out a basic deficiency in the specification.

Designers do not consider leg length in the design of

cockpits. Instead, they use buttock-knee length and pop-

liteal height sitting, which are components of leg length.

The assignment process would be more consistent if similar

variables were used for exclusion codes.

E. CONCLUSIONS

The data collection system which supports the Anthropo-

metric Compatibility Assignment Program consists of

measurements taken on aircraft cockpits as well as the

*I equipment and procedures used to measure aviation personnel.

¶ Many inconsistencies in personnel measurements have been

noted even though those measurements are an essential ingre-

dient in the successful operation of the program. The

program will operate no more effectively than its weakest,

or limiting, factor. That limiting factor appears to be the

measurement of personnel. Inconsistencies in the data appear

to be results of measurement bias. The appearance of larger

personnel in 1969 and corresponding higher exclusions in

that population are more likely the changes of measurement

bias than any real effect in the population.

Measurement error could be reduced by:

1. Periodically calibrating the measurement equipment.

2. Randomly remeasuring personnel and comparing the original
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and repeated measurement. If significant discrepancies are

noted, corrective action should be taken.

3. Replacing the integrated anthropometric measuring device

by one using digital measurement displays, or automated

measurement recording.

The consequences of failing to improve the Navy's

personnel anthropometric measuring procedure will amount to

negating the Anthropometric Compatibility Assignment Program

and accepting the aircraft accident rate, and ejection injury

rate which were sufficiently undesirable to lead to the

program's establishment. Additionally, erroneous measurement

can adversely impact on officers' career development patterns

and consequently on officer personnel retention.

m6 0

•nmI

-• mm 41

! 60



APPENDIX A

Definitions of Measurements

1. Buttock-Heel Length -see Leg Length

2. Buttock-Knee Length -the horizontal distance from
the rearmost surface of the buttocks to the front of
the kneecaps, with the subject sitting erect.

3. Buttock-Heel Length -see Leg Length

4. Functional Reach -the distance from the wall to
the tip of the thumb measured with the subject's
shoulders against the wall, his arm extended forward,
and his index finger touching the tip of his thumb.

5. Height -vertical distance from the
floor to the top of the head with the subject standing
erect in bare feet.

6. Knee Height Sitting -the height from the footrest
surface to the musculature just above the knee.

7. Leg Length -the distance from the base
of the heel to a wall against which the subject sits
erect with his leg maximally extended forward along
the sitting surface.

8. Sitting Height -the height, from the sitting
surface, to the top of the head, with the subject
sitting erect.

9. Stature -see height

10. Popliteal Height Sitting -the height of the underside of
the upper leg above the footrest surface.
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APPENDIX B

Anthropometric Codes as Percentiles
of the 1964 Population

Variable Code Measurement Equivalent
Interval Percentile

SITTING HEIGHT 9 40.0-41.0 99+
8 39.5-39.9 99+
7 39.0-39.4 98-99
6 38.5-38.9 96-97
5 38.0-38.4 91-95
4 35.0-37.9 15-90
3 34.0-34.9 3-14
2 33.0-33.9 <3
1 32.5-32.9 <1
0 32.0-32.4

FUNCTIONAL REACH 9 :27.9 <1
8 28.0-28.4 <1

7 28.5-28.9 1-2
6 29.0-29.4 3-6
5 29.5-30.4 7-25
4 30.5-30.9 26-39
3 31.0-31.4 40-50
2 31.5-32.4 51-75
1 32.5-33.9 76-94
0 Z.,34.0 >95

BUTTOCK-KNEE LENGTH 9 > 28.0 >99
8 27.0-28.0 >99
7 26.5-26.9 >98
6 26.0-26.4 97-98
5 25.5-25.9 91-96
4 25.0-25.4 81-90
3 24.0-24.9 50-80
2 23.0-23.9 15-49
1 22.0-22.9 2-14
0 ,21.9 <2

LEG LENGTH 9 49.0-50.0 >99
8 48.0-48.9 98-99
7 47.0-47.9 95-97
6 46.0-46.9 86-94
5 45.0-45.9 71-85
4 43.0-44.9 34-70
3 40.0-42.9 3-34
2 39.0-39.9 1-2
1 38.0-38.9 <1
0 36.0-37.9 <1
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Appendix C

Program Listing for CAPE Model
Used to Generate the 1964 and 1c'69 Data

PROGRAM OENSAMP(FMEA5.UM~EAS.SA%4PL1, !NPUT.OUTWUT9
I TAPF12FMEASTAPE2:UMEASTAPE4RzSAMIJLF#
a TAPF~zINP4PIT*TAPF6:OUTPUT)

C 4*0 MODULE A - MONTE CARLO SU'4ULATION *00
C * MCSA qEAOS IN FACTOIP MATRIX OF REQUjIRED ANTHM4OPIMETkIC
C **MFASU4FMENTS FROM EITHER 01,41 FILES OR INTERACTIVE
C **Tr~mT'.4AL. IT ALSO ALLOWS USFRS TO PRIN'T, EDIT &ND SAVE
C * FILFS. THE PROGRAM THEN COmPUTF. RANO)OM MULTIVAkIATE NORMAL
C **FFATURE VECTOP'q. AT THE ENJ OF THF PROGRAM IT CALLS
C SUPPOUTINE TRANS TO PFP.FOR'4 NECESSARY DATA TKA~hFORmATION
C *'OF ANTHROPOMETRIC SAMPLCS AND STO~rS TH'E RESULTANT
C NF HASU4EMENTS ON DISK( FILES FOR CPEwSTATION EVALUATION
C * m MOOLEt
C

CflMMON/mCS4/CflRPtB) ,ANTM4(2.12) .V12S) .KbEAS~u(N,
I SOROOTCT8).XIZV.IU,)*NTIEASICOUNT9
2 INAM(s)ITMEASJ4IuEASNTE14P
COMMON/I4ISC/IOINIOOUT. ICARO,

C
C NMEAS - NUMBER OF ANTHROPOMETRIC 4EASUREMENTSt CURRENTLY 12
C NSAMP - NUM4BER OF OPERATOR SAMPLES
C DATA FILE DESCRIPTIONt
C NAME PROGRAM REV. T84PEN FO4-UN CONTENTS
C fMFAS --- I OR ANT-MCZNMEAS)*CORR(KN)
C UMEAS NTh4EAS 61 UN NMEAS*KNANT%*COwR
C SAMPLE NTEMP 3 UN IAE4**
C INPUT --

C OUTPUT e -

C
DATA IO)IN.IOOUTNUCREbi.NTEMPNTMEASNIMEAS/5,6,8,3.4,7#I
nATA uAvrUNC/4,0
DAT4 MI4FAS*NTbEA5,NjMEA5jI~q?%4/

nATA AmytM/2~o/.C0RM/7SO*O/, NA"4.I4OH144
DATA MAXA?,HAXA4Tm.MAXACT/3*fiV

C ***COMPUTF M4~) Tb-W LENGT4I OF TH( LINEAQ ARRAY COQRM(NI

ISAMPOD
C*999MCSM MAIN %tENU

104 CONTINUE
101T II4240

CALL INOT11NASH!SAAtE#

(it0 TO 1130.I00I010?Dýai L

too MQNTtNtw

'1 C
U C 0*' GFE'aATr 00C400T4 tAMPPLF rQON bE.94So,%II UfV 1 COOM NAIRIA

lug Co~INtIF

rf% tkauMowf~ ~ct~cti
VWaf 14.3001
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CALL INPT (IINVALSZ*IOPT#XVALIEOF)
GO TO (180,140,16O,170,280,170), IEOF4l

160 CONTINUE
CALL HELP (2)
GO TO IS0

170 CONTINUESi: WRITE (69340)

i. GO TO 170
•. eO CONTINUIF

; IF (IOPTLT*1*ORIOPT*GT*MAXANTH) GO TO 170

C INPUTEDITSAVEPQINTGENEWATE OPER SAMEEND
60 TO (190#200,220,240,260,280)t IOPT

190 CONTTNUE
C ***INPUT ANTHROPOMETRIC MEASUREMENTS

CALL ACCPT (ISAMP)
IINPT=l
60 TO 140

200 CONTINUE
C ***EDIT ANTHROPOMETRIC DATA FILE

IF (IINPT.EO.l) GO TO 210
wRITE (60350)
GO TO 140

210 CONTINUE
CALL FOIT

GO TO 140
220 CONTINUE
C ***vAVE ANTHROPOMETRIC DATA FILE ON UMEAS

IF (ISA',PEQ.1) 60 TO 230
WQITF 0%0320)
GO TO 140

230 CONTINUE
CALL SAVE
GO TO 140

?40 CONTINUE
C ***POINT ANTHROPOMETRIC DATA

IF (IP40T.EO.11 GO TO 250
WPITE (49360)
60 TO 140

250 CONTINUE
CALL PRINT
GO TO 140

C
SC *00 GENERATE OPERATOR SAMPLE FROM ANTM MEAS OATA

C
260 CONTINUE

It (ISAUPaNE*.) GO TO 270
CALL OPSAMP tISAP)
G0 TO 140

270 CONTINUF
WRITF (40330)60 TO 140

C OOOTP1MINATION OF KCSM
280 CONTINUE

01T• 46*3101
STOP

C
290 FORMAT VA ENTER NUMBER OF MEASUREMENTS (1-i2)7"-
300 rORmAT t" GENERATE FUNCTIONS I-|NPUT12EOIT13-SAVE#4.RPINT!".S"S-GENERATE t6"ENfl) tt

t 310 FORMAT i" END OF OPERATOR SAMPLE")
3?O FORMAT (" UNARLE TO SAVE MEASUREMENT DATA - FATAL ERoORSW)

330 FORMAT I" UNARLE TO GENETE ShMPLE - FATAL ETA4SO" h
3,,n FORMAT (" INVALID RESPONSE")350 FORMAT t"* ANTHROO0METOIC DATA MUST BE-INPUT BEFO)RL THE. EDIT "s

"*"FUNCTION CAN RE USEn"i
1#0 rJpm4T.(ý 4mTkaoorTate nATA mor-T AF tN~tuT kwFFig TKF. PRINT"
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"FUNCTION CAN BE USED")

END
SUBROUTINE INPT (ITYPEtIVALSZNVALSZtIVAL9XVALtIEOF)

COMMON/4ISC/IOINIOOUTtICARD
C FREE FIELD INPUT ROUTINE -- READS IN INPUT FROM THE KEYROARD IN

C FREE FIELD INPUT

C INPUT---
C ITYPE - SPECIFIES TOE TYPE OF DATA TO BE ENTERED

C 1=TNTEGER 2=REAL 3zALPHANUMERIC

C IVALSZ - THE NUMBER OF ITEMS EXPECTED TO BE ENTERED

C OUTPUT---
C NVALSZ - THE NUMBER OF ITEMS ENTERED BY THE USER

C IVAL - ARRAY CONATIVING INTEGER OR

C ALPHANUMERIC DATA SUPPLIED BY THE USER

C XVAL - ARRAY CONTAI1ING REAL DATA SUPPLIED BY THE
C USER
C IEOF - ENn OF FILE FLAG

C 121F BLANKS OK A CARRIAGE CONTROL IS THE

C ONLY INPUT

C 2: IF A QUESTION MARK IS ENTEkED

C 3=IF INPUT IS INVALID

C 4=IF A S HAS BEEN ENTERED
DIMENSION ICMAR(8O),IVAL(IVALSZ),XVAL(IVALSZ)
ISTOPzO
IF (IV&LSZ.GE.O) GO TO 100

ISTOPui
IVALSZ=IABS(IVALSZ)

100 CONTINUE
IQUOTE=O
NVALSZaO
IFOFu0

IF (IOOUT.EO.I) GO TO 120
0D 110 1lu18O

ICHAR(I)mlH
110 CONTINUE
C READ IN THE INPUT

RFAD (IOIN,330) ICHAR

IF (IOIN.NE.S) WRITE (6,330) ICHAR
IF (FOF(IOIN).NE.1l G0 TO 130
IFOF.I
QFTURN

170 CONTINUF
IImICAQO

j.0 60O TO 140
|10 CONTINUE

C INITIALIZE THE CARD COLUMN COUNTENS

110 CONTINUPI~u8O,

150 CONTINUr
If (ISTOP.EOIAND.IVALSZ.EO.NVALSZ) RETURN

C SfARCH FOR THE NEXT WORD

IF (KI.LE*12) GO TO 160
C SEARCH FOR THE FIRST N6N-BLANK CHARACTER (START Of WORD)

C CHECW tr EXCESS HAS BEEN ENTERED

IF (NVALSZLE.IV&LSZ) RETURN

RETURN
160 cONTINuL

00 110 .0I1,I2ir KCHIJR(K).EO.lH ) GO To I?0

IPIRSTmI
rvO TO )F0

170 CONTINUE

IF (NVILSZ*EQ.01 IEOFtI
C CHECK Ir EXCESS HAS REEN t4TERE0
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j IF (NVALSZ*GT.IVaLSZ) IEOF:5
RETURN

ISO CONTINUF
C SFARCH FOR LAST NON-BLANK CHAPACTER (END OF wORD)

IF (ICHAP(IFlRST).E0.lH?) 1E0F=2
IF (ICHAR(IFIRST).EO.lt(S) IEOF=4
IF CIEOFoNE.O) PC:TURN
IF (ITYDE.EQ.4) GO TO 30Q
IF (ITYPE*NE*3) GO TO 190

IF (ICHAP(IFIRST).NE.1H'S.AND.ICHAR(IFIR-,T).NE,1M') GO TO 190
IFIRST=IFIRST.1
I QUOTEal

190 CONTINUE
0O 220 11IFIRST#12
IF (IQlJOTE.EQ*O) GO TO 200
IF (ICHAR(I).EG.1H".oOR.ICHAR(I).EO.1H') GO To 210
(60 TO 220

200 CONTINUF
IF (ICHAR(I)*NE.1H *AND*ICHAR(I)*NE.1H*) GO TO 220

210 CONTINUJE
tLAST=T-1
GO To 230

220 CONTINUE
ILAST*IP

230 CONT INUE
NVALSZ=NVALSZ.I

C RESET THE FIRST CHARACTER TO RE SEARCHED FOR THE N~xT WORD
C INCREMENT THE NU44REP Of WORDS FOUND

IF (NVALS72.OTIVALSI) GO TO 150
C CHECK( IF I4PUT IS ALPHA-NUmERIC

IF (ITYPE&EQ*3) 6O TO 310
C INPUT T-, NUMERIC
C CHECK IF NUMBER IS SIGN4ED

IF (ICHAR(IFIRST).N 1HR-.AND.ICHA tIFIRStT).~4E.1H'I 60 TO 240
IF (ICHAQ(IFIAST)*EQ.IH-) ISIG~m-1
IFIRSTnTFIQST.I

2160 CONTINUE
INUM80
IflECu0
IOECfwfl
On 26~0 TIVIIRST*?LAST
If tlCwaP(I:,NE.1H.3 60 TO 2SO
IOECFo fDEC7'I

V 270 CONTINU#r

IFREOF0.1 ETR

Z80 CONTINUP

26 CNTMINUE@IIG
XmUiwfLO&T( INUM)

?Pr UITYPf-.EQ.1.aNO.IOC.LE. .*Og.(tTyPC4CO.Z) OA) TO 140

RETURN
290 CONTINIW

IP 4lvDFteN,1~ X%&I (Nyu /10.0*ttEC-U1)



IF (IlyPtvLU*-e) AVAL1NVALWe)=XNUA~
ICARD=TLAST. 1
G0 TO IS0

300 CONTINUF
TLAST=TVALSZ*10

310 CONTINUF
C INPUT let ALPHANUMERIC

Do 320 J=1.IVALSZ
IVAL(J)=104

320 CONTINUE
L=ILAST-IFIOST~l
NVALSZ=(L-1) /10+1
IF (L.GT*IOOIVALSZI GO TO 270
ENCODE (L*330*IVALC1) )(ICHAR(I1.I=IFIRST9ILAST)
ICARD=TI
RfTURt4

330 FOMT(01

END
SURROUTINE ICONV (JCHAR*I.iIEOF)

C TlijS FUNCTION CONVE4TS ALPHA NUMiERS TO NUI4~ER NUmBEwS
r)IMENSION JNLJ'(10)
DATA JNUM/'1b4tIH1,1N2t1H3,1H~.15.HSl6slH7.1H48,lH9/
00 100 J-l100
IF (JCMAP.*4EJNUW(J)') GO TO 100

RP TURN
100 CONTINUE
C INVALin INDUT --- NOT A NUMOER

RF TURN
END
SUbROUTINE ACCPT tISAMP)

C
C 009 INPUT 4NT"QOPO-ETRIC DATA
C *' 4EAN4;t STO 0EV% AND CORRELATION 4ATRIX
C

C04ONMC5S4/CQRPtR .A'4T'(2.12) ,'IIS) ,NMEAS.KN.

tN 'A'E(Q-)eTTmEAS*NI4EA$*NTE"P
COHI4QN,4ISC##1OIN. IOOUT*ICARO
OlmENstnN 9UFF(3)%TEmP(I2)
DATA gUVrf/3*O

I COU'4TWO
INLINEUC

C **'.OE40 0400E - IsTNTEPACTIVE 2ArILE

100 CGNy tNUr

vPITt c6%6101
CALL tPT lIl*lNOINPt,?NOOE.1tx.1~*EOV)
&¶0 T6 tj30*1I0ala0.1Z0.490%II0O. KCOf.1

C INVALID) OESPONSE

Ii ~ ~ ~ 6 1 T0 tooV(.6

U10 CALL HELP 41)
on TO too

130 If (I"&WE.O 1) 60 to ZOO
'1 it (1Ko*¶E.N.4c) Go To 1i0

t C
c *** MIE TYPE1 lefOOMATTED &UINFORbA&TED*

16.0 raT I4TWm*W
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WRITE (6*62O)
CALL INPT (.l,1.NOINPTIFFORMXINPT9IEOF)
Go To t17O,150,160,150#4909150)t IEOF*1

150 WRITE (6v650)
GO TO 140

160 CALL HELP (5)
GO TO 140

*170 IF (IFFORM.EQ.1) Go TO 190
IF (IFFORM.NE.2) 00 TO 150

C
C UNFORMATTED READ

REWIND NTMEAS

* C ***.READ THE NUMBER OF ANTHPOPOMETRIC MEASUPE)ýENTS#

C ***CORPELATIO'4 COMPONENTS

READ (NTt4EAS) NMEASKN9INAME
IF IEOF(NT'EAS)..NE.1) GO To 180
WOITE (6,670)
GO TO 490

C ***READ TH4F MEAN AND STANDAR~D DEVIATION VALUES

180 READ (NTMEAS) ((ANTM(TO.JO),IO=1,2),J0=19NMEAS)
C ***READ THE CORRELATXON MATRIX VALUES

flEAD (NTmEAS) (CORR(10)910=1,KN)
REWIND NTMEAS
N'PITE (6,690)
ISAMP=1
RETURN

C ** SET INPUT LOGICAL UNIT TO 1 FOR FILE FMEAS

190 IOINZIl
200 CONTINUE
C
C ***ACCEPT OPERATOR SAMPLE FILE NAME

C
CALL NAMEFL (IERROR)
ICOllNT=TCOUNT+IERflOR
INLINEITNLINE~l

C *** INPUTS MEANS AND STANDARD DEVIATIONS INTO ARRAY 
ANTM

IF (IMOnE*EO.1) WRITE (6#500)
IF (IM~O(PEeNE.1) WRITE (6#510) INAME
MAX INPT=2

Don 32.1 IROW1I,NMEAS
210 CONTTWUFJ

IF 0IMO0E#EO.1) WRITE (6,530) IROW

220 NhMT=0
230 CONTINUE

ITOT IN=VAXINPT-NAMT
I COL:NAMT 1
CALL INPT (2,ITOTINNOINPTIVALANTM(ICOLsIkOW)9ItOF)
IF (IFOF*EO.5.OP.IEOF.F.Q.O) NAmT=NAMT*NOINPT
IF (IMOMF-E.E0.) GO TO 240
INLINE=TNLINEIl
IF (NAMT*EQ*MAATNPT) 0O TO 290
IF (IEOF*EG.1) Go TO 480
WPITF (69$40) IROW
IF (IP2AF*EO.S) GO TO 270
WQITF (A0700) INLINE
ICOUNTmICOUNT1l
GO TO :320

I'C~** INTERACTIVE IEOF PQOCES3!NG
Z40 CONTINUF

6O TO (280,21092S0,260#490*270)t 1EOP'1

a50 CONTINUE
CALL HELP (6)
GO TO 210

260 CONTINUE
W0lTF (69650)
Qnf.T0 P10



Z70 CONT INUE
IOLIST=NOINPT-ITOTIN
W01TE (6s.600) TOLIST
IF (IMODE.NE.1) ICOUNT=ICOUNT.1
GO TO 290

280 CONTINUE
IFI(NAMT.GE.2) GO TO 290
WPITE (69550)
GO TO Z30

290 CONTINUE
IF (NA'4T.GT.2) NAMT=2
IPERP:0
DO 300 ICOL=1.NA'4T
CALL REASON (1.ICOL.IROWANTt4C1,IROW)hANTM(2,IROW),IFATAL)
IRERR=IRERR*IFATAL

300 CONT INUP
IF (IRERR.EO.O) GO TO 320
IF (ImAOfE.s4E.1) GO TO 310
WRITE (6*630) IROW
GO TO 220

310 ICOUNT=ICOUNT+IRERR
320 CONTINUJE
C
C **ANTH.ROPOMqETPIC CORRELATION MATRIX VALUES ARE ACCEPTED
C ANq PROCESSED.
C

IF (I'4OfE,EO*l) WRITE (6.580)'
IF (IMOflE*NE.1) WOITE (69520)
I~o 460 IRQW=1,4mEAS

330 CONTINUF
NA4T=O
MAXINPT=NMEAS*1-IPQW

340 CONTINUE
IF (ImmnE*EO.1,AND.IROW.EO.N?4EAS) WRITE f6sS80) IWOw,,AAXINPTvNME4ES
IF (IMOOE*EQ.1.ANOIROw.NE.NMEAS) WRITE (6q570) I,ýOwMAXINPT*IRO**

SNmE AS
350 CONTINUF

ITOTIN~wAX INPT-NA~41
ISTART=IROW*NAM.T
CALL INPT (2,ITOTINNOtNPTIVALTEM4P(ISTART) tIEOF)
IF (IFOF.EO.0.OR.IEOF.E0.5) NAb4T=NAMT*NOINPT
IF (ImOlmE.EQ*1) 50 TO 360
INL!NF=INLINIE.1
IF (NAMT.EG*MAXINtPT) GO TO 410

IF (IF.OF*EO.1) WRITE (69710)
IF IIEOF*EO41) GO To 470
IF (IF(W.EO*S) GO TO 390
ICOUINT*ICOUNT.1

* ~WPITF (6000O) INLINE
GO TO 4A0

C '* NTEPACTIVE INPUT ERROR PRNOCESSING
*360 CONTINUf

6O TO (400*38O,3?0*380tj490090)* IEOF*1

370 CONTINUE
CALL MELP (7)
GO TO 340

380 CONTINUE
0PITF (6.65)
GO TO 340K1 390 CONTINUE

N4MT~t4AXINPT
Got TO 410
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400 CONTINUE
IF (NOTNPTEQ.ITOTIN) GO TO 410
ITOTIN=M~AXINPT-NAMT
WRITE (69590) ITOTINIQOW
GO TO 350

410 CONTINUF
TLAST=IROW*NA4T-1
IPERR=O
00 420 ICOL=IROWsILAST
CALL RFASON (2,TCOL.IROWTEMP(ICOL) ,oIFATAL)
IRERR=IQERR. IFATAL

420 CONTINUE
IF (IRFRR.E0.O) 0O TO 440
IF (IMO0E#EO.2) GO TO 430
WRITE (6,640) NPOW
GO TO 310

430 ICOUNT=ICOUNT.IRERR
GO TO 4A0

440 CONTINUE
no 450 TCOL.=IROW*NMEAS
N=NOX C ROW*ICOL)
CORR (N) tTE'4P( COL)

450 CONTINUE
4A0Q CONTINUEF
470 CONTINUE

IF (ICOUNT.E0.0) ISAMP=l
IF (IMOOE*NE.1) WPITE (69680) ICOUNT
60 TO 490

480 WRITE (&9660)
RETURN

490 CONTINUE
RETUR~N

C
'300 FORMAT EH NTER PAIRS OF MEANS ANU STANDARD DEVIATIONS--"t)
510 FOkMAT (/ttOArvNOSTICS OF FORM.ATTED WEAD 'Y"1 OPER DESCI Oo,4A10/)
t,;? Ff)RMAT f/"COQPELATIONtANTWRODO-ETRIC MEASUREMENTS&-)
530 FORMAT (4MEASUOPMENT - "s12elt--"
540 FORMAT 0' 4EASUREMENT ",0122)
5rto FOkMAT 144 ENTER STANDA40 DEVIATION -143
56~0 F01h4MAT 0' ENTER ANTHROPOMETR1C CO-RELATIDN MATRIX DATA IN A ROWW1S

IE UPPER "/Is TRIANGULAR FORt4.'/" NOTE: ALL DIAGONAL ELE4ENTS MUST14,
FOUAL 1.000"I

570 FORMAT (5M DOW *1201""',TZ." ELEMENTS* COLUMNS "I.-.2""
A~imO FORMAT (SH POio *,."C".*12 ELEMENT. COLUMN "I~')4
5Y~0 FORMAT (21M4 ENTER THE REMAINING sl2o&2HH ELEMENTS ýOR NOW .12)
600 FOR~MAT 01 THE LAST '.?"INPUTS HAVE PEEN IGNORED"6)
4'10 FORMAT t' INPUT '40OF2(1uJNTERACTIVLA?aFILE)--Ht)
4?0 FORMAT (' READ 4AODE(lEFO4MATTEDt22UNFORMATTEDV.-'4)
630 FORMAT 01 RE-ENTER DATA FOR '4.Ie)
640 FORMAT (f'4 E-ENTER DATA FOR ROW "9131
6%0 FORMAT (t" INVALID RESPONSE")w b60 FORMAT (t* UNEXPECTED EOF ON FMEAS FOR 04EAS '.912)
070 FORMAT (' FILE UMEAS IS NOT ATTACHED TO THE PROGRAMIO/

* ' UNFORMATTED READ ON THIS FILE IS A~fli4TED --- 04./j)
hka4 FORMAT C" TOTAL ERRORS O4 INPUT JAYA t4.15)
640 FORMAT (C" MEANtSTO) DFV &. CORRELATION DATA READ")
M0 FORMAT C"l INVALTID DATA AT LINE "*IS)
710 FORMAT 01 UNEXPECTED END Of FILE")

END
SUbPOUTINE EDIT
COMMON/MCSM/CORP (TB) .NTMC2. 22).V (25) .NMEAS.1Ct4

* I %0f0)PlTC78) XC2S) ,?UNTMEASICUUNT#
2 INA'4E 06) #IYMEASNthtEAS#NTEMP
COMMONtMISCtIOINoIOOUToZCARD

* DIME.NSION 4UFF(3)
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* 'I C
C *~MODIFICATIONS ON MEANS5,TANDApD DEVIATIONS,
C **ANI) ANTHROPOMETRIC CORRELATIONS

100 CONTINUE
WPITE (69350)
CALL INPT (l191NVALSZ#IOPTXVAL#IEOF)
GO TO (130*100#11O,1209340912O)s IEOF.1

110 CONTINUE
CALL HELP (8)
GO TO 100

120 CONTINUE
WRITE (6*360)
GO TO 100

130 CONTINUF
IF (IOPT*LT.1.oRIolPT*GT*5) GO TO 120
GO TO (140,*140,240,330*340)9 IOPT

C **ICOL1l FOR MEAN PPOCESSING
C **ICOL=2 FCP STANDARD DEVIATION4 PROCESSING
C
1460 CONTINUF

ICOLvIOPT
150 CONTINUE

M4AXINPTa2
NAHTzO

16n CnNTIN(JF
IF (ICnL.EO.1) WRITE (6.380)

IO IF (ICnL.EQ*?) WRITE (6,390)
10 CONTINUE

IVALSZ*MAXINPT-NAb4T
J=NAmT. I
CALL INPT (2.IVALSZNVALSZIVAL,'iUFF(J),IEOF)
GO TO (?20,1RO%2OO*190*1O0,ZIO)9 IEOF.1

18~0 CONTINUE
wRITE ('%,3?0)
GO TO lAO

190 CONTINUE
wPITF (6.360)

GO TO 16.0

It IF (ICnL*EO.1) CALL HELP (11)
IF (ICAL.E0,2) CALL HELP (12)
GO TO 100

210 CnNTINluE
IOLISTaNVALSZ-IVALSZ
WPITF (6.O00) IOLIST

*1 20 CONTINUF

NAMTsNVALSZONANT
IF (NAI'T.GE*MAXINPT) 6O TO ?30

*I 17 CnLoE0.1) WRITE (6.'20) IQ04
if (ICOI.lO.?*2 WRITE (6#4.301 1004
10*v TO 170

230 CONTINUE
CALL QPAS0'4 (l*IC0L9IROWi3UFF(2)sU#IVATAL)
If (IFATAL*CO.1) GO TO 150
ANrM(I COL,1ROVla9IJPE(2)

CC 0OT 00 PRCSSN OR ANTHPOPOkETRIC COORELATIOAIS

4 V a
240 CONTINU



2'SO CONTINUE
60 WRITE (A,410)
60 CONTINUE

I VALSZ=MAX INPT*NAMT
J=NAmT, 1
CALL INPT (2,IVALSZNVALSZIVALBUFF(J),IEOF)
GO TO (3109270,2909280#100*300), IEOF.1

270 CONTINUE
WRITE (60370)
GO TO 250

280 CONTINUE
WRITF (60360)
GO TO 250

290 CONTINUE
CALL HELP (13)
GO TO 250

300 CONTINUF
IOL IST:NVALSZ-IVALSZ
WRITE (6#4.00) IOLIST
6O TO 320

310 CONTINUE

I POWxt 1FF (2)
NAMT=NAmT*N~VALSZ
IF (NAMT.GE.'4AXINPT) GO TO 320
IF (NA`4TEQ.1) WRITE (6,440) ICOL
IF (NAMT.EO.Z) WRITE (6,450) ICOL9IROW

320 CONTINUE
CALL DrASON (3sICOL*IROW*8UFF(3)s0*IFATAL)
IF (IFATAL.EQ.1) GO TO 240
CALL PFASON 12%ICOL*IQOW,v8UFF(3)sOIFATAL)
IF (TFATAL.EO.1) GO TO 240

C *#*LnAD TH.E VALUE OF 8UFF (3) INTO T'i[ APPROPRIATE
C #OOPOSITInN WITHIN TH4E CObRP(N) ARRAY

N&NnX(I9O4,ICOL)
CORP (N) uRUFF (3)
GO TO 100

C
C 0*' PRINT OPTION
C
330 CONTINUE

CALL POINT
60 TO 100

C #646 END) OF EDIT '40DE
340 CONTINUE

REYUQN

350 FnPMAT (11 EDIT MOOE(I1-MEANSh2-STUS3-ANTW.oCOQRR4-P'(ZNTIS-ENOI-.")
3ft0 FOR~MAT (1 INVALID RFSPONSE't)
370 FORM#AT (it 40 INFOW-ATION ENCOUNTERED")
3AD FOPMAT to IPT NflEX AND) MEAN VALUE")
390 FORMAT (11 INPUT INDEX AND STANOA40 DEVIATION")
400 FORMAT to THE~ LAST"*,I?," INPUTS HAVE BEEN IoNOREO")i
1610 FORMAT fit INPUT COLUMN * POW AND CORAELATION")
400 FORMAT to INPUT '4FAN VALUE FOR INDEX "*13)
430 FOR*AAT to INPUT STA14DA90 DEVIATION FOR INDEX ite13lii "0 FORMAT fit INPUT POW AND COPPELATIUN FOR COLUM4N 0912).1 so FORM4AT to INPUT COROELATION FOR 4WV 0.1291* COLUMN "*2)

END
* SU8'4OUTINE NAMEFL (REDROPI

CM0ON/%CS4/COQPh7#1 %A'4TM(2%12) .pV12S) 9NXEA~sKNs
I SOROOTA,.Xt2S5.tU.NTwEASICOUNT,

*2 1 NAME 061)eI THEIS aN I M AS*NTEP
COMMONi/4ISClIOIN*IOOUT*ICAP0
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Cc ***PROMPTS USER FOR NAME OF SAMPLE FIL~E
**INTIAME OTN IS OF I8UFF(4) XVAIT

C

110 CONTINUE

IF (IO!N.EQ.S) WRITE (6*180)
CALL INPT (4*4qNVALSZ9IBLJFF9XVALvIEOF)
IF CIEOF*LT.2,OR.IFOFoEO.5) 60 TO 150
IF (IO!N.NE.5) (0 TO 140

GOTO (12041309170)9 IEOF-1

CALL HELP (141
GO TO 110

130 CONTINUJE
WRITE (6.190)
G0 TO 110

140 CONTINUE
WPITE (6*190)

C ***LOAD CONTENTS OF IBUFF INTO INAME ARWAY
1S0 CONTINUE

DO 160 J2144
INAMF (J)'ISUFF(J)

160 CONTINUE
170 RFTURN
C
IRO FORMAT (41 OPERATOR SAMPLE OESCQIP~TION(40 CWAk MAX) ---- 0)
190 FORMAT (" INVALID RESPONSE")

END
SUBROUTINE OPSAMO (ISAMP)

C **OGENFPATE OPERATOQ SqAMPLE
COMM0N/4CSM/C0PP(?O) ,ANT'4(2.12) ,V(aS).NMEASKN9

1 fQOfn0TtT8%) (2~5) ,IUNT'4EAS.ICOUt4T,
S INAlME(6)%ITMElkSsN!MFASoNTEI4P

COP4HON/MISC/IOIN, TOnUTtICAR0
DImENSInN !RANtQ)
DATA (IAI).1.)333f5S5557777.e22,
I 444444443,666666669,8'4bO8bb89,999999Q9VP.143456789.4

C ***LINEAR ARRAY CORQt78) IS LOADFD INTO LINEAR
C ***0tJ'4Y &RRAY SOPOOTC?A) WEORE M4ATRIX TRANSFOR-
C #00"ATTONS4 ALL MATRIX TRANSFORMATIONS ARE
C **9PPRFOR4VD ON SOOOOT(783 TO PQESERVE CORR4761
C ***AS IMPLEMENTED WITHIN THE EDITING PROCESS.
C

IOINxS
00 100 KftI.KN
SOROOT ('(3 CORR(k)

100 CONTINUE

C * PErFO"% MATRIX TR&NSropUAfloNS
CALL SQPMX (NERRORI
IF gNv.RRO0I6Eo~ll RETURN

C 4*' ACCFPT OPERATOR SAMPLE SIZE
I110 CONTINUF

WPITF (40201l
CALL INPT t1.1,NVALSt.NSAMPoXVALoIEOf)
A0 TO gIS*d0O1flO.I4O.9qO1401s IFOF01
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120 CONTINUE
WPITE (6.330)
GO TO 110

130 CONTINUE
CALL HELP (15)
GO TO 110

140 CONTINUE
WRITE (69340)
GO TO 110

150 CONTINUE
IF (NSAMP.GT.O) GO TO 160
WRITE (6.350)
GO TO 110

C
C ***ASK USER FOR MACHINE TYPE (32 OR 60 BIT)
C
160 CONTINUE

WPITF (69300)
CALL INDT '(I,1NVALSZ.MTYPEXVALIEOF)
GO TO (190l160*1709180,290O180)9 IEOF.l

170 CONTINUE
CALL HELP (20)
GO TO 160

110 CONTINUE
WPITF (69340)

GO TO 160
190 CONTINUE

IF (mTYPE*NE.32oANn.MTYPE#NE.60) GO TO 180
ZOO CONTINUE

WRITE (6.310)
C ** OPTION FOR ACCEPTING A RAND3M SEED*

CALL INPT (1,1,NVALSZISXVALIEOF)
GO TO (240,210,2209230,20*230), IEOF.1

210 CONTINUE
WRITE (4.330)
60 TO 200

220 CONTINUE
CALL HELP (21)
GO TO 200

M30 CONTINUF
WRITE (6,340)
GO TO 200

240 CONTINUE
IF (ISEOO) GO TO 250
IF (IS.LT.1.OR.IS.GT.9) O0 TO 230

GO TO 200
250 CONTINUF
20 twUh6T111133
S260 CONTINUE

REWIND NTEMP

C 0*.W9ITE 40 C4ARACTER NAME FIELD INTO

U ~C ***FILE SAMPLE (NTE'4P)
WRITE (NTE4P) INAME*NMEA%

C 00 280 ?SI*NSA4P

C e SIMULATE A PSEUDO SAMPLE CASE.
CALL SMSU9 WYTKP)
00 270 K*19NMEAS
270 V(KlzV(K&ANTM(f2K)eANT0(1.K)

270 CONTINUC•

WRITF (NTEMP) (V(tOItO=m|N9EAS)
ZbO CONTINUE
C *eeSFT ISAMP TO I TO INDICATE OPERATOR SAMPLE HAS SELN r.M'EWATEOS~ISAW~t|

END F?, jjThFtjP
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REWIND NTE'4P
REWIND) NTmEAS
WPITE (6.360)

290 CONTINUE

30 FRMATUR ("1 ENTER MACHINE WORD SIZE (32 OR 60 bIT) -0"

310 FORMAT (" ENTER RANDOM NO SEED (0 IF NONE OR~ 1-9)--11)
3?0 FORMAT 0# INPUT SAMPLE SIZE -- I')
330 FORMAT (11 NO INFORMATION ENCOUNTERED")
340 FORMAT (C" INVALID RESPONSE"f)
350 FORMAT (C" SAMPLE SIZE M4UST BE GREATER THAN 0"1)
360 FORMAT (11 SAMPLE DATA SAVED ON FILE SAMPLE OR TAPL 39")

END
SUBROUTINE PRINT

C
C -4OUTPUT OF SIMULATED OPERATORS
C
C **NOE ALL OOERATOR MEASUREMENTS
C ***ARE STORED ON FILE SAMPLE, PRESENTLY EACH RECORDO
C ** CONTAINS N'4WA ANTH~ROPOMETRIC MEASUREMENTS
C

COMMON/I4CS'4,CORR(78) ,ANTMCZ,12),v(25)tNMEASKN,
1 SOROOT (78),X (25) ,IUNTMEASICOUNT,
? INAlAE(f&) ITMEASsNIMEAS#NTEI4P
COMMONi"4ISC/IQINIOOUT. ICARD
INTEGER FMT
DIMENSION FMT(6).NUM(12),TEMPCI2),IN(,EX(Z)
DATA F'4T/441 *4H *4H(6X),4H v4H(F6*v4H3))/
qATA NUM/1H1.1H2,1H3.1H4.1MS.1H6,1M7,1HP,1M~.,,HNOt2Hll,2H12/
ISTnQE2O
IOFLAGuO

C
C ** MENU CHOICE or OUTPUTS
C
100 CONTYNUF

WRITE (6*630)
CALL INPT (ls1,NVALSZ.tOPT#XVALsIEO7)
GO TO (120#110#110911O,390*110)t IEOF+I

110 CONTINUC
WRITE th.65)
GO TO too

120 CONTINUF
'I IF (IOPT*LT.1.OR.IOPTGT*4) GO TO 110

IF CIOPT.eQ.1) 60 TO 130
IF (IOPT.E0*2) GO TO 150
IF 41OPT*EQ*41 0O TO 390
GO TO 190

C
C *00 PPTNTOUT Of MEANS/STANnARDO EVIATIONS
C
130 CONTINUE

WPITF IfieS801O

1'.0 CONTINUE

GO TO 100
C
C '4' PQINTOUT Or ANYMPOPO14ETRIC COARRELATION4S

150 CONY INUF



00 160 TCOL=19NMEAS
N=NDX(TPOW9ICOL)
TEMP(ICOL) =COPR(N)

160 CONTINUE
IF (IRO.W.GT.1) GO TO 170
WRITE (6*610) (TEmP(ICOLlsICOL=I.kOW9NMEAS)
GO TO 1RO

170 FMT(2)=NUM(T ROW-I)

WRITE (6*FM4T) (TE'4PCICOL) ,ICOLaIROWsNMEAS)
14~0 CONTINUE

WRITE (6,620)
GO TO 100

C
C *** PRINT OF ANTHROPOMETRIC MEASUREMENTS
C
190 CONTINUF

WRITF (6*430)
IF (IOFLAG*.LTo1) WRITE (69440)
IOFLAGzl

C **KPTCARRIACr RETURN -- ENTIRE SAMqPLE LIST
C ***INPUT SINGLE NUMBER -- SINGLE OPERATOR
C ***INPUT TWO NUMBERS -- SEGMENT OF OPERATOR LIST
C

CALL INOT (1s2tNVALSZ*TNOEXtXVALtEOF)
GO TO (230#2709200#210,100#220), IEOF.1

200 CONTINUE
CALL, HFLP (19)
IOFLAG=O
GO TO 190

210 CONTINUE
WRITF (6,420)
GO TO 190

220 CONTINUE
TOLIST=NVALSZ-2
WRITE (6,450) TOLIST

230 CO)NTINUE~
C ***INDEX VAL13ATION

If (INOFX(1).GT,0) G0 TO 240
WRITE (6*480)
GO TO 190

240 CONTINUE
C
C #**TO OCTEOP41NE WI4ETHER FILES WILL OE REWOUND

II C
IF tISTORE.GTfl.ANO.TNOEX(1).GT.IST0&E) GO TO 250
NRSXIPuINDEX (1-I

GO TO 260

60 NPSKIPaNOEX (1) -STORE-1
20 CONTINUE

ISTARVa!NfEX41)
C ***IF TWO INPUTS ENCOUNTEREO - OUTPUT LIMITS
C "-IF ONE INPUTS ENCOUNTFRED - OUTPUT SING4.E OPENATOO

If (NVALSZ.EGA) 6O TO 280
IF 4NVALSZ*GE.21 GO TO 290

ft !STARTal
TENO.999

4 00 TO 320
2h0 CONY M4E

tFNOWM~AftT
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290 CONTINUE~
IF (INnFx(1).LE.INDEX(21) GO TO 300
WPITE (6,490)
GO TO iqo

300 CONTINUE
XENDz INDEX (2)

310 CONTINUF
IF (INnEX(1).GTISTORE.AND.ISTORE.NE.O) GO TO 330

320 CONTINUE

READ (NTEP'P) INA'MEtNMEAS
IF (EOF(I4TEMP)oEQ.1) GO TO 410

330 CONTINUE
IF (NRSKIPeLT*1) GO TO 350

C ***WIND FILE FORWARD
DO 340 T1,sNRSKIP
READ (NTEMP) (V(K)sK:1,N4EAS)
IF (FOFiNTEmP)oEO.1) GO TO 400

340 CONTINUE
350 CONTINUF
C ***OUTPUT HEADER

WRITE (6*530) (INAmF(IO)sIOs1*4)
IF (ISTAQT*EQ.IENn) WRITE (6*540) IEND
IF (ISTART.NE.IEND.AND.IENfl.NE.999) WRITE (69550) ISTART91END
WPITF (6.500)
WRITE (6*660) (NUM(IO),IOal.*NaEAS)
WRITE (6.600)

C
C ***OUTPUT MATA FROM FILE
C

ISKIPafi
NFOUN020
On~ 360 IsISTART*IENO

C **OSXIP LINE FEATURE
IF (tSKtP#EO.1) WRITE (6*460)

IF (IST&QT.NE.I.CNO.ANfl.1,NE.1ENO.AND.(I/SýS)*5EO,.I ISKIP01
QFA0 (NTEMO) (V(hC)*KwlN4EAS)
IF (F0F(NTEI'P).EO.1) GO TO V70
NFOUNO.NFOUNO .1
ISYORES!
WaITE (69510) (V(,isisNKEAS)

WA CONTINUE
G0 TO 160

IF37 INIEI)NE*999*NDISTQTNE*IEOI VOITE (,4740) IE'M)
ItpTOfjEtI

IF (NFOUNO.LT.11 W(RITE 16O560)

WOITE (6.320)

30 00 TO190

300 CONTINUE

IOLISTat-24ISTORE
vPtTF (69S601

GO TO 190
4 10 CONTINUEf

WRITE (6.370)
600T 100

Otto ORMAT(" INVALID RESPONSE"M)
'.30 FORMAT f" OUTPUT NMrDES--0
".0 F(%M.AT fm rOR AIL OPIPRAtOR flATA fETER rAR~tAtsE RLMNI~tfl/s
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It' FOR INDIVIDUAL OPERATOR DATA (ENTEr' OPERATOR NU08E4t)1'/

2", FOR A SEOUENCE OF OPERATORS (EMTER RANuE OF OPE'4ATO'W NUMA8ERS111-4

."END (ENTER S)")

450 FORMAT (14 THE LAST41,14$" INPUTS H4AVE BEEN IGNOREDO)

4~60 FORMAT C1I'
470 FORMAT (it ERROR IN UPPER INDEX -- ".914)

480 FORMAT (1' INDEX NUMBER CANNOT BE LESS THAN 09 
EQUAL TO 01)

490 FORMAT (11 FIRST INDEX MUST BE LESS 1thAN SECOND INUEA")

SOO FORMAT (27xilOPERATOR SAMPLE119/oll(lt')s
1

510 FORMAT (11F6.2*FS.2)
520 FORMAT (71C1H-))

530 FORMAT (1A.4AO10,1X*AlO)
540 FORMAT (1OX,'6OPERATOR NOllsI4)

550 FORMAT (IOX01'OPERATOR NOS".1910 --41*I4)

580 FORMAT (it INDEX NUMBER EXCEEDS RECORDS IN 
OPERATOR FILE")

570 FONMAT (11 FILE SAMPLE IS NOT ATTACH~ED TO THE PROOKAM111

" OPERATOR OUTPUT REQUEST APORTED -- ,/

SO FORMAT (/*,ZIX."MEANS AND STANDARD DEVIATIONSt,,/,1X,7D(1H.),/,eAHII

IEASUREMEFNT'tsX~t"AEANStIXttISTO DEVI,/,~lX*7111M.))

590 FORMAT (/,s7Xl'CORRELAT'lON MATRIX FOR ANTtIOPOMETRIC 
MEA5UREMENTS64so

1.1X*70(1H-))
600 FORMAT (1X,70(l(H))
610 FORMAT (12F6,3)

6;10 FORMAT (lX*700IH-))
430 FORMAT lit PRINT MODE C1-MEANIST02-CORR MATRX13-OPL.R 

'E&S%4-END) .*0

640 FORMAT (I9oSX*2Fl2.2))
A5O FORMAT (1" INVALID RESPONSE")

660 FORMAT (2XsllCA2,4X)sA2)
END
SUdROUTtNE RANG2 (QNORM.MsTYPE*QUAN*IJ)

C
C 000GENERAYCS A 14ORMAL DISTR18UTION *ITH 

MEAN OF ZERO AND

C ***STANDAof) DEVIATION EQUAL TO ONE....
C ***mE'INOOOLOr~Y --- MAPSACILA - 80AV

C
COOMON/MCSM/COPRRCP) ANT4C?,12) .v 25) .NmtAS.KN*

I SoQflOT(78).XC25),IUNTHEASICQUNT

2 INA'wE('1ITMEAS*NIMEASqNTEKP
OITMEW~ON OUAN12)
COMMONIMISC/TOtN, IOOUT*ICARD

IF ClJ,No.t) GO TO 110

100 CONTINUV
9j*2sO*UNFORMCNTYPE)-l.0
Yi.2,fl*UNFORM0C4TYPE) -1.0

IF 15.AE.1.0) 00 TO 100
S&SOPT t.?.O*9LO~tS)/S)
OUANI1)IXIOS
QUAN (2) ey IS

110 CONT INUE
AN0RU.C)UAN I1I J)
If tIt0.)ifto

ENO

C SUBROUTINE REASON4 (t&LICLIU .IRITST044ttIVTAL)

C * CmfCKS FOR REASON48LENESS OF INPUT VAL111LS

CO#6.OHMCSM#*COPP(?A) ,&NtN(Z,12) ,v'aS) ,tNAAS.RN9
I SQfJOO1 I?0k)v 12I it NlfA*ICOT
? INPA~E (to vI TAE AS .N!E &SNTEP
COI4*ONt~I1SCtI0IN.IOOUT*ICARD

C ICALL a I *EANS AND STANDARD DEVIATIONS
C~ ffEAl a P COOfl4~~ ATO&J WATOIL4. V901FICA11OM
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C
IFATAL-0
IAFLAG=O
IF (ICALL*LT*O0 IAFLAG~l
ICALL=TABS (ICALL)

IF (ICALL.GT*l) GO TO 110

** 4FAN VALUES MUST BE WITHIN A THREE STANDARD IJEVIATION
C *0 NEIGHBORHOOD OF THE ACCEPTED MEAN VALUES
C

IWRITEzl
IF (IROW*LT.1.OP.IROW*GT.NMEAS) GO TO 120
IF (ICOL.EO.2) GO TO 100
RETURN

C
C **STANnAQD DEVIATIONS 4AY NOT BE NEGATIVE
C * ANn THE MEANS MUST BE GREATER THAN
C *.THE STANDARD DEVIATION.
C
100 CONTINUE

IWRITE*2
IF (TSTnPE2*LT.0.) GO TO 120
IWRITE=3
IF (TSTOREI*LE*TSTORE2) GO TO 120
RE TURN

C
C **CwFCKS VALIDITY OF INDEX NUMktERS
C
110 CONTINUE

IWRITEsl
IF (IROw.LE.O.OR.TROW.GT.NI4EAS) GO TO 130
IWRITEmP

t If (ICnLoLEo0*OPsICOt..GTNHEAS) GO TO 130
C 0*15I TH~E NUMBER WITHIN THE UPPER TOIANbUt.AR REGION?

IWRITEal
IF (IPnl'oGTlCOL) GO TO 130
IF (ICALLsEO.3) RETURN

C
C 0#0 ALL DIAGONAL ELEMENTS MUST EWUAL 1,000
C 00 MATRIX ELEMENTS May NOT BE LESS THAN (-1) 04 GREATER
C 000 TbaAN ONE*
C

IF (ICDL.EO.1ROW.4NO,TSTORE1,NE,1h000) 0O TO 130
IWRITF*S
IF tTSlnREl*LT*-1,000) GO TO 130
IWHITE.*
IF ITSTORE1GT.1.000) GO TO 130
QfTUQN

C 0*004RNCH TO APPROPRIATE ERkO4R MESSAGE
C
120 CONTINUV

IF fIWIYE*4E.I.ANO*IO[NsNES) W41TE (6,280) IROW
GO TO 1190*1*091SO)o tvQITE

130 CONY I NIE
GO TO (190*200921O,160ill0*160)o 1WRITE

Ilso CONTINUE
wRITE tA4?30O'4 GO TO ~22

150 CONTINUE
WRITE #A.6 O .Pfl0 tfl
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GO TO 220
170 CONTINUE

WPITF (6#,260) IROWiICOL
GO TO 220

IdO CONTINUE
WPITE fe6#270) IROV.ICOL
GO TO M2

190 CONTINUE
WRITE (6*29O) IROWNME&S
GO TO 220

200 CONTINUF
WRITE (603O01 ICOLNMEAS
GO TO 2P0

210 rONTINtJE
WOITE (60310) IROWtdCOL
6O TO 220

20 CONTINUE
20 IFATAL=I

RETURN
C
230 FORMAT (1' STANDARD DEVIATIONS LESS TH4AN ZERO',)
24.0 FORMAT 0'1 STj.,OARD DEVIATION GREATER THiAN MEAN VALUE.")
250 FORMAT tl' DIAGONAL ELEM4ENT IN POW t4*I29" COLUMN "912s

11 IS NOT EQUAL. TO 1,016)
260 FORMAT (11 ENTRY IN COLUMN 1191291 ROW '4*12

* " IS LESS THAN -10#")
270 FORMAT (11 ENTRY IN COLUMN It.12." WOW ".12.

*"IS GREATER TP44N *1.01"1
280 FOA4?AT 110O
290 FORMAT (It 40W 14*12." IS LESS THAN ZER~O OR GREATER THAN ".s12)
300 FORMAT 01 COLUMN *to12i" IS LFSS THAN ZEPO OR WRATER TH$AN "*M2
310 POPPAT 0' ROW "'192.t" COLUMN ".12s" IS OUTSIDE OF UPPEI149

*"TRIANGULAR REGION Of CORRELATION MATRIX,-)
ENO
SI.$ROUTINE SAVE

C
C 00- THIS ROUTINE SAVES INPUT DAtfA ON PERMANENT FILE T&PU

COM4MON/MCSW4'COR*(7?8) ANTM'14212) .V(2S).,NUEtAS.KN,#
I SOQOOT(?8) .X2i) ,ttU,'tmEA5ICOU-Nt.
2 INAtAE(09 I1MEASNImFAS.NTEm&)
CO'M"ON/"ISC,ýIOtN. IOUTICAR0
REdNO NT"EAS

C ***SAVE Not Or MEAS.. FLE.4ENTS IN CO)'4 mAYQIX* SEX FLAG
WRITE INTM!4AS NHE&5.'(W,?NAPC

c 0** FAVE flkrN##STO. VECYh'Q.
WPMlF INTOEAS) tiANYtl~oJO).1O-sIZ),JOui1.NMAS)

C 06* SAVE CoaREL.AT1VN "A13il
VRITE tNTMEAS) (C0Q~t10)*IO.1.KN)
REWIND Nylocas
WRITE (60100)

100 fORt4AT im %tASVR~EmViNT DATA SAVM ON FILE UNE&S OR ThOC201)

SviPoUltNE SI*~ljB im4YVPf

c *00 FOIR A 6!V`E? SOUAO ROOT MATRIX P OF OROEBI M 1# UPPER

C 600 TOIANOULAO F0414 OF a CORRELATION OR A COVANIANCEI 0 ARXO O04%THSPUtECMUE tY
C V f PE~b, SORESOF ENGH mSVCHTHA It"IL



I SQROOT(78) .X(25) ,IU.NTMEASICOUNT9
2 INAm4E(4) ,ITMEASNI'4EAS.NTE'4P
COMMON/MISC/IOINtIOOUT*ICARO
DIMENSION Y(45)

00 100 11,oNMEAS
V(I)0.O
CALL RAND? (RNOR'4.4TYPE#QUAN#IJ)

100 Y(I)=PNORM
00 110 I=1,Nt4EAS
00 110 j=1Iq
K=NDX(JoI)

110 V(I)=V11)*Y(J)*SQROOT(KI
AFTURN
END
SUt3ROUTINE SOR'4X (NERROR)

C
C 00FnP A GIVEN SYMMETRIC MATRIX OF ORDER N STORt.D IN ITS
C 0** UPPER TRIANGULAR FORM. COLU'4NWISE IN THE VECTOR R~ OF
C *"LENGT,4 N*(N*1)/2* THIS ROUTINE TRANSFOPMS IT INTO ITS
C * ll "OUARE ROOT" IN THE SAME~ FORM4 IN THE A.CTOR SUkOOT(78)
C

C0tmMONJ'CS'4/C0PR(7R) ,ANT'4(2,12) ,V(2S) ,NMEASKNv
I F.QOQOT(T8) .E(25),TUNTMEASI'OUNT#
2 1NAuE(4.)sITMEASoNI4E&iS9NTEmP
COM$ON/MISC/IO IN. lOOUT*ICARD
0I'4ENSION UTl)
INTEGER ZX

C ***NPRROP FLAG IS USED' TO SIGNIFY A CONDITION
C ***WHICH WIILL PRODUCE A NE64TIVE SOqUOTtN) VALUE
C "*9JUST eErON.E IMPLEMENTATION Of THE SQUARE ROOT

NVMRPOka 0
On120 ta19 Nmcas

N::NOX ( 1 .1
C OOOTFST VFOO NEGATIVE PAOICAI. ARGU%4E4T

IF (SQQ06TIN),TT.0) 60 TO 130
SO3S0AT~(S0QOOT TN)l
0o 100 jmIsNkCaS
NuN0X t jJ)
SGO~tOT (N)aSGROOTIN11SO

100 CONTINUf
C ***NnWP~k FXIT FROM SUtOOU1INE

IF (I.FoN'FAS, 14:RROUOO
IF (1.Fn.fN%*A5) RETURN

D'11u t1 ?.NE&

neNDt I?.JIl~usi

LakAt I1. R)

Ito CONdYINUE

I..A UINTINII#

130 CNTI8aC 04NOI XTFO URU~
WRTE4*IO



* I 'WRITE (6v190)
CALL INPT (4,lNVALSZ*TANS9XVAL#IEOF)
Go TO cl709160sI5O,170*160917O)t IEoF1l

150 CONTINUE

WRITE (6,210) CZX(I)#I1,*7)qSO0*T(N)
it") CONTINUE

PF.TIJRN
170 CONTINUE

WRITE (6,2?0)
Go TO 140

c
180 FORMAT (if ANTNROPOMFTRpic CORRELATION VALUES 

ARE INVAL1011)

"190 FORMAT ( " __ ENTER CARRIAGE RETURN 
TO CONTINUE PRUCtESSING'

6,/

. 1-- ENTER " TO DISPLAY SORMA VAR~IABLES")

200 FORMAT (" AN INDEFINITE QUANTITY HAS BEEN 
DETECTEL) By SQRMX"i

" VAR~IABLE LIST WITHIN SqMXt4%/"I N L"

01' K 1 11 12 J2 SOeOOT',/s10X;44(lH'))

210 FORM'AT (8x 4!5,IX,3l5,Fq.3v/,1OX4
4~(lH ht/I)

220 FORMAT (/" INVALID RESPONSE *./

END
FUNCTION NOXCI.J)
IF (1,GT.J) GO TO 100
NDX=l+U*J-J) /2
RFTURN

100 NDX=J.(1*1II)/
2

RETURN
END
FUNCTION UNFORm(mTYPE)

C
C ***UNIFORM RANDOM NUMBER GENERATOR 

ON INTERVAL (0,1)

COMMON /MCSM/ COPP(
7 8) ,ANTM(2,12) ,V(2b) ,NMEASKN9

* I1SQROOT(7S9) X(25) ,IUNTM4EASICDUNT9
2INAMF(4) .ITMEASNIIAEAStNTEMP
COMMON/MTSC/1OIN9 IOOUTICAPD

C 60 BIT UNIFORM RANDOM NUM8ER GENERATOR

DATA !X/l6777213/,C/2814749767l~bSS*/
IF (MTYPE.EQ,32) GO TO 100

IU=IU*TX
UNFOPMuIU/C

* RFTUPN

* *C 
32 BIT UNIFORM RANDOM NUMBER GENERATOR

100 IU:IU*655
39

IF (IUGE*O) GO :0 110
IU=IU.21's7483647+1

110 U?4FOPMIUT
UNFORM=JNFORM' .465661 3F-69

* RETURN
ENO
SUBROUTINE HELP (1)
RETURN
END#

82



APPENDIX D

Program Listing for CAPE Model
Modified for Use with FORTRAN IV,

I CONMON/MCSM/CORR (78) .ANTH (2.12),V (25) .NMEAS.KN,
2 1 SOROOITf7S),X(25) ,IU,NTHERSICOUNT.
3 2 INANE (10) ITMEASNIMEAS.HRXSRN.NTEMP
4 CONHON/MISC/1OIN, bOUT.ICARD
5 DATA NUCREW/B/
6 DATA MAXFUN/4/
7 DATA MAXOPT,MAXANT,MAXACT/3. 7.3/
a IOOUTmO
9 ISAMPuO
10 MMEAS a 12
11 100 CONTINUE
12 101NN5
13 WRITE (8,290)
14 CALL INPT (1,1.NVALSZ,NHEAS.XVALIEOF)
is 1ECFPI-IEOF~1
18 GO TO (130.100,110,120,280.120), IEdFPI
17 110 CONTINUE
18 CALL HELP (11
19 GO TOI100
20 120 CONTINUE
21 WRITE (6,34(0)
22- Ga TO 100
23 130 CONTINUE
24 IF (NNEAS.LT.1.0R.NMEAS.GT.MNEAS) GO TO 120
25 KN-NMEAS (NHERS+1) /2
26 IINPT.0
27 140 CONTINUE
28 IOIN-5
29 150 CONTINUE
so WRITE (6,300)
31 CALL INPT (1.I.NYALSX.IOPT,XVAL.IEOF1
32 IEDFPIuIEOF~1

33 GO TO (180,14U.160.170.280.170).IEOFPI
34 160 CONTINUE
35 CALL HELP (2)
38 GO TO 150
37 170 CONTINUE
Be WRITE (6,340)
39 GO TO 150
40 180 CONTINUE
41 IF (IOPT.LT.1.OR.IOPT.GT.HRXANT)GO TO 170
42 GO TO (190,200.220.240.280.280.225).IOPT
43 190 CONTINUE
144 CALL ACCPT (ISAMP)
45 IINPTvI

U 48 GO TO 140
47 200 CONTINUE
48 IF(IINPT.EQ.1) GC, TO 210
49 WRITE (6,350)
50 GOTO0 140
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51 210 CONTINUE
52 CALL EDIT
51 GO TO 140
54 220 CONIINUE
55 IF (ISAMP.EQ.I) GO TO 230
56 222 WRITE (6,320)
57 GO TO 140
58 225 CONTINUE
59 IF(ISAMP.NE.1) GO TO 222
60 CALL PUNRT
61 GO TO 140
62 230 CONTINUE
63 CALL SAVE
64 GO TO 140
65 240 CONTINUE
66 IF(IINPT.EQ.1) GO TO 250
67 WRITE 16.360)
68 GO TO 140
69 250 CONTINUE
70 CALL PRINT
71 GO TO 140
72 260 CONTINUE
73 IF (ISAMP.NE.1) GO TO 270

74 CALL OPSAMPUISAMP)
75 GO TO 140
76 270 CONTINUE
77 WRITE (6.330)
78 GO TOi 1O
79 280 CONTINUE
80 WRITE (6.310)
81 STOP
82 290 FORMAT 0 ENTER NUMBER OF MEASUREMENTS (1-12)?--')
83 300 FORMAT (' OPIIONS(I-INPUTg2-EDIT;3-SAVEt4-PRINTiS-GENERATEa"
84 1 '6-ENDOT-PUNCH) ')
s5 310 FORMAT (5XWEN0 OF OPERATOR SAMPLE')

86 320 FORMAT (IX,*wMwMCSMI4 UNABLE TO SAVE MEASUREMENT DATA - FATAL
87 1 ERRORS')
B8 330 FORMAT (iOX,*'NwoMCSMIG5 UNABLE TO GENERATE SAMPLE - FATAL ERRORS')
89 340 FORMAT (/.'xwxMCSMO24 INVALID RESPONSE')
so90 350 FORMAT (IOX.'wuwMCSM130 ANTHROPOMETRIC DATA MUST BE INPUT BEFORE',
91 I/.3X.l'THE EDIT FUNCTION.')
92 360 FORMAT (IOX,'wNNMCSMISO ANTHROPOMETRIC DATA MUST BE INPUT BEFORE'.
"93 I/,13X,'THE PRINT FUNCTION.')
94 END

,1
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1 SUBROUTINE INPI (ITYPEIVRLSZ.NVALSZ,IVAL.XVALIEOFI
2 COMMON/MISC/IOIN. bOCUT.ICARD
3 DIMENSION ICtIAR (80) IVAL(IVRLSZI ,XVAL (IVALSZI
4 C
5 DIMENSION NYAL (20)
6 LOGICAL 1 NC;IAR(80l
7 EQUIVALENCE (NVAL(1).NCHAR(1))
8 C
9 C
10 DATA IBLK,IQUES.IDOLIQUO,IPO3ST.IPD,ICOH.IMIN,IPLUS/1hIN t?.

12 DATA 148LK/4H

14 IF (IVALSZ.GE.01 GO TO 100
i5 ISTDP-I
16 IVALSZ-IABS (IVALSZ)
17 100 CONTINUE
i8 I0UDTEm0
19 NVALSZ'0
20 lEar-o
21 IF (1IOOUT.EQ.1) GO TO 120
22 00 110 1-l.80
253 ICHAR (1) IBLK
24 110 CONTINUE
25 READ (IOIN,330.END.111)ICIIAR. NCHAR
28 00 109 Jul.80
27 IF (ICHARIJ) .EQ. IBLK! GO TO 109
28 GO TO 130
29 109 CONTINUE
so GO to 113
31 111 CONTINUE
32 REWIND lOIN
as 113 r IEO
34 RETURN

35 120 CONTINUE

36 110ICARD

Be 130CONTINUE

42 150 CONTINUE
43 C WRIT-rý(,501) IDECISTOPIVALSZ,NVALSZ. 11.12, IEOF
44 If (ISIOP.EQ.1.AND.IVALSZ.EQ.NVALSZI RETURN
45 IF GO.L.2)6 TO 1t0
46 IF (NVALSZ.LE.IVALSZI RETURN
47 1EFs5
48 RETURN
49 160 CONTINUE
50 00 170 1-11.12

85



51 IF (ICNAR(I)A.EOIBLK GO6 TO 170
52 IFIRST-I
53 GO TO 180
54 170 CONTINUE
55 IF (NVRLSZ.EQO.) IEOF-l
56 IF INVRLSZ.GT.IVRLSZ) IEOF-5
57 RETURN
5is 180 CONTINUE
59 IF (ICIIRR(IFIRST).EQ.IQUES) IEOF*2
60 IF (ICIIRR(IFIRSTI .EO.IDOLI IEOF'4
61 IF (IEOF.NE.0) RETURN
62 IF (ITYPE.EQ.41 GO TO 300
63 IF (ITYPE.NE.3) GO TO 190
811 IF (ICHRR(IFIRSTI.NE.IQUO.ANrI.ICHAR(IFIRST).NE.IPOSTI GO TO 190
65 IFIRST-IFIRS7*i
86 I0UOTE-l
67 190 CONTINUE
68 00 220 I-IFIRST.12
69 If (IIuOTE.EQO. GO TO 200
70 If (ICHAR(I3.EQ.I0UIOR.OICiHARCI).EQ.IPO5T)GO TO 210
71 GO TO 220
72 200 CONTINUE
73 IF (1CHAR(I).NE.IBLK.ANO.ICHAR(I1.NE.ICOMI GO TO 220
74 210 CONTINUE
75 ILAST-1-1

f76 Go To230
71 220 CONTINUE
78 ILAST-12
79 230 CONTINUE
60 NVALSZ-NVALSZ+I
01 IlmILAST.2
02 IF (NYRLSZ.GT.IvRLSZJ GO TO 150
83 IF (ITYPE A.E.31 GO TO 310
84 ISIGNal
85 If (ICHA (IFIRST).NE.IMIN.ANO.ICHRR(IFIRST).NE.IPLUSI GO TO 240
86 IF (ICHARRIFIRST).EQ.ININI ISIGN14-
87 IFIRSTeIFIRiST'I
68 240 CONTINUE

a9 INU~mO
90 IDEC-O
SI IOECFw0
92 00 260 IuIFIRSY.ILAST
93 IF (ICIIRR(II.NE.IPD) GO TO 250
94 IDECF-IOECF'l
as IDECul

98 GO TO 260
97 250 CONTINUEH s8 CALL ICONV (ICHARMI.IRBOOEOF)

*99 IF (IEOF.Eg.31 RETURN

t00 INUM-INU~m1O*IAOD
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tol 501 FORMAT(/ 'TEST ~.10110)
102 IF (IDEC.NE.01 IOEC-IDECel
103 280 CONTINUE
loll IF tIDECF.LT.21 GO TO 280
105 270 CONTINUE
106 C tIRITE(6.501) IDEC. IDECF
107 IEOFu3
108 RETURN
109 280 CONTINUE
110 INU?4uINUMNISIGN

*III XNUM-FLOATtINUM)
112 cc I4RITE(6,501) IDEC. IDECF, INUM, lAUD. ISIGN, ITYPE
113 IF t(ITYPE.EQ.1.ANO.IDEC.LE.1).OR.(ITYPE.EQ.2)) GO TO 290
114l IEOF-3
115 RETURN
118 290 CONTINUE
117 IF (IDEC.NE.0) XNUM-XNUM/I0.0tm(IOEC-1)
118 IF (ITYPE.EQ.I) IVALINVRLSZ)oIFIX(XNUM)
119 IF (ITYPE.EQ.2) XVAL(NVALSZ)uXNUM
120 ICRRD-It.AST41
121 C WRITE(8.S011 IDEC.IDECFINUM.IADD. ISIGN.ITYPE.NVALSZ,
122 C I IVAL (NVALSZ) . ICARA
123 GO TO 150
124 300 CONTINUE
125 ILAS~mIVALSZwll
128 909 FORMAT(I 2X. BOAI)
127 910 FOARMT 12X, 20A41
128 310 CONTINUE
129 00 320 JwI.IVALSZ
130 IVAU(JIuI48LK
191 320 CONTINUE
132 LuILAST-IFIRST.I
133 NVAL3Zo(L-11/10*1
134 If (L.GT.4ow!YALSZ) GO TO 270
138 C ENCODE (L.340.IVRL(t) 3 (ICHAR(l),IFIRST.ILASTI
138 JaO
137 904 FOAMATPC ENCODE *, 10110)
138 00 311 1a IFIRST.ILAST

139 j aj +1
1110 NCHAR(JI - NCIIARtI)
141 311 CONTINUE
142 00 313 1aIIAS

1417 30FORMAT (BOCRI TI. BOAl)

148 30FORMAT (8OAl)
149 END
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SUBROUTINE IC13NV (JCHARR.1.IEOFI

2 DIMENSION JNUq 1101

3 DATA JNUN/lH0,1H1.H.H,!4I5-~ ~ ~ H?

5D 0 oo 00jul.10

6 IF (JCtIAR.NE.JNUHNIJ) 60J 10 100

7 11-.J-1

a RETURN
too0 CONTINUE

11 WRITE(8.tti JCHAR. Iit IEOF

112 RETURN
13 END
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* I SUBROUTINE RCCPT (ISAMP)
2 ~~COMMON/I4CSM/CORR (78) .ANTM (2,12) .V (251 .NMEAS.KN.
3 I SOROOT (78) ,X(253 .IUNTMERS.ICOUNT,
42 INAME(10).ITMEASNIMEAS,MAXSRH.NTEMP

S COMMON/MISC/ICIN.bOCUT. ICARD
6 DIMENSION BUFF (3)..TEMP(I2)
7 DATA BUFF/3xO./
a ISAMPEO
9 ICOUNT-0
10 INLINE-0
I I IOINw5
12 100 CONTINUE

.1Is WRITE (6.610)
14 CALL INPT (I.1.NOINPT.IMODE.XINPT.IEOF)

is IECFPIuIEOF41
16 GO TO (130.II0.120.11O.490,110).IEOFPI
17 110 WRITE (6,650)
l8 GO TO 100
i9 120 CALL HELP (4)
20 GO TO 100
21 130 IF (INODE.EQ.1) GO TO 200
22 IF (II400E.NE.2) GO TO 110
23 140 CONTINUE
24 WRITE t6,620)
25 CALL INPT tI,I.NOINPT,IFFORM,XINPT.IEOFl
26 IEOFPIuIEOF'I
27 GO TO (1?0.IS0.I60.150.490.1501, IEOFPl
28 ISO WRITE (6,650)
29 GO TO 140
30 180 CALL HELP (5)
31 GO TO 140
se 170 IF (IFFORM.E0.I) GO TO 190
33 IF (IFFORM.NE.2) GO TO 150
344 REWIND NTHEAS

-. I35 READ (NTMEAS.ENDwISO) NHtAS.KN.INAME
38 READ (NTKEAS) (!ANTK(IOJO) *10-1.2) .JO-1.NKERSI
37 READ INTMEAS) (CORR(IO),IOwI.KN)

REWIND NTMEAS
39 WRITE (8,890)
40 ISAMPaI

ij41 RETURN
42 180 CONTINUE
43 WRITE (6.6701
44 00 TO490
45 190 10INuI
'18 200 CONTINUE
47 CALL NAIIEFL (tERROR)

us ICOUNT-ICOUNT*IERROR
49 C WRITE(6,9D11 IMODE,IERROR,ICOUNT
s0 901 FORMAT(/ 'ACCPT *10110)
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SI INLINEsINLINEIl
52 IF (IMODE.EQ.I) WRITE (6.500)
53 IF '-IMODE.NE.1) WRITE (6.510) INANE
54 MRXINPu2
55 C HRITE(6,90I) IMODE. IEAIROR.ICOUNTINLINE.HRXINP,IEOF
58 DO 320 IROI4UI.NMERS
57 210 CONTINUE
so IF (IKODE.EQ.II WRITE (6,S30) IRON4

59 220 NAMTnO
so 230 CONTINUE
61 ITOTIN-HRXINP-NANT

82 ICCL*NAKr.I
83 CALL INPT (2,ITOTINNOINPTIVRL.ANTM(ICOL.IROW) .IEOFI
611 IF (IEOF.EQ.S.OR.IECF.EQ.0) NRHT-NRNT*NOINPT
85 C HRITE(6,9011 IMODE. ITOTIN, MRXINP.NRIIT.IEOFIIC13L.ICCL
se IF (IMODE.Eil.1) GO TO 240
67 INLINEuINLINE~l
88 IF (HRMY.EQ.MAXINP) GO TO 290
89 IF (IEOF.EQ.I) GO TO 480

70 WRITE (8,540) IRON4
71 IF (IEOF.EQ.S3 GO TO 270
72 WRITE (6,700) INLINE
73 ICOUN7uICOUNT~l

74 Go TO 320
7S 240 CONTINUE
76 IEOFPImJECF~1
77 GO TO (260,210,250.260.'490.270). IEQFPl
78 250 CONTINUE
79 CALL. HELP (8,)
80 Go00 TO210
01 260 CONTINUE
82 WRITE 18.6501
es3G 0TO210
fig 270 CONTINUE
as IOLJSTaNOINPT-ITOTIN
a6 WRITE 16,6001 IOLIST
67 IF tIMOBE.NE.11 ICOUNTICOUNIsI
so Go To 290
89 200 CONTINUE
so If tNANT.GE.2) GO TO 290

It WRITE (6.S50)
92 GO TO 230
95 290 CONTINUE
94 IF (NANT.GT.21 NArMT2
9S IREARmO
98 00 300 ICOL-1,NANT
97 CALL REASON (I, ICOL.IRON.ANINtlbIROWi ,ANT8(2.IROW) .IFATALI
so9 INER~AvIREARtIFAIAL
99 300 CONTINUE

I00 IF (IMREM.EQ.01 GO TO 320
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101 IF (IMOOE.NE.11 GO TO 310
102 WRITE (6,630) IRON
103 GO TO 220
1011 310 ICOUNT.ICOUNT+IRERR
105 320 CONTINUE
106 IF (IIIODE.EQ.1) WRITE (6.S601
107 IF (IMODE.NE.1) WRITE (6.5201
108 00 460 IROWe1.NtiERS
109 330 CONTINUE
1t0 NAKruO
III MAXINP=NMEAS+1-IRON
112 340 CONTINUE
113 IF (IMOOE.EQ.1.ANO.JRON.EO.NMEAS) WRITE (6.5801 IROW.NAXINP.NMEAS
114 IF (IMOOE.EQ.1.ANO.IROW.NE.NMEA5) WRITE (6,S70) IROW.MAXINP.IROW.
115 INMEAS
116 350 CONTINUE
117 ITOTINuNAXINP-NAI4T
i18 ISTRRT-IRObl'NAMT
i1s CALL INPT (2,ITOTIN,NOINPT.IVALTEMP(ISTARTI .IEOFI

120 IF (iEOF.EQO.B.R.IEOF.EQ.S1 NRMT-NAKT*NOINPT
121 IF (11400E.EQ.1I GO TO 360

122 1NLINEvINLINE~1
123 IF (NAMT.EQ.I4RXINP) GO TO 410

*1241 IF (IEOF.EQ.01 GO TO 350
125 IF (IEOF.EO.1) WRITE 16,710)

a126 IF (IEQF.EQ.ll GO TO 470
327 IF (IECF.EQ.S) GO TO 390
128 ICOUNT.ICOUNT'1
129 WRAITE t8,700) INLINE
ISO GO TO 460
133 360 CONTINUE
132 IEdFPIe3ECF.1
133 GO TO (400,,380.370.380.'490.3901.IEOFPI
1331 370 CONTINUE
ISS CALL HELP (7)
136 G 0TO 340
137 380 CONTINUE
I3e WRITE (8.630)
139 CO TO 3110
3110 390 CONTINUE
2111 IOLISTaNDINPT-IYTI~N
1112 WRITE (6,600) IOLIST
1113 IF 4IMOOE.NE.33 ICOUNTuICOUNT'1
1411 NAhiTelAKINP
I14S GO Td) 110
1118 400 CONTINUE
1117 IF (NOIMPT.EQ.ITOYINI GO TO 1110

1118 IYOTINaMAXINP-NAMY
3119 WRITE 18.5901 IYOTXN.IRON
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151 '410 CONTINUE
152 ILASTw1R014*NAMT-I
153 IRERRuG
154 00 420 ICOLuIROW.ILAST
155 cc WRITE(B.902) IAOW.ICOL.ILAST.IMODE. TEMP(ICOL)
156 902 FORMAT C' RCC% 4110, 'SF10.3)
157 CRLL REASON (2,ICOL.IROI4.TEMP(ICOL),0,IFATAL)
Ise IRERRaIRERR+IFATAL
IS9 C WRITE16.901) IR014.ICOL.IRERR.IFATRL
160 '420 CONTINUE
162 IF (IBERR.EQ.0I GO TO '140

¶162 IF CIMaDE.EQ.2) GO TO 43Q
183 WRITE (6,640) IROW
164 GO TO 330
185, 430 ICOUNTwICOUNT4IRERR
166 GO TO 460
167 440 CONTINUE
l68 00 '150 1COL-IROb4.NMEAS
16o NuNDX(IROM.ICOL)
170 COR b4) uTEMP CICOLU
11 71 450 CONTINUE
172 480 CONTINUE
173 470 CONTINUE
174 IF CICOUNT.EO.01 ISAMPwI

¶ 175 IF (IMODE.NE.11 WRITE (6.6801 MCOUNT
178 GO TO 490
177 480 WRITE 16.6601
17e RETURN
179 490 CONTINUE
1e0 FiETURN
l82 500 FORMAT (SSXENTER PA~IAS Of MiEANS INDO STANDARD DEVIATIONS--*)
I82 510 FOR14AT 1//.' DIAGNOSTICS OF FORMATTED READ "./.' OPER DESCs *,IOA4

* I184 S20 FORMAT 1//,I. i'CORRIELATION/ANINROPOMETVIIC MEASUREMENTS, *)
185 S30 FORM4AT I' MEASUREMENT - '.12,'?-'
l88 S40 IMOMATI' (*1EASUREMENT -'.122
l87 S50 FORMAT 51.'ENTER STANDARD DEVIATION '

lea Sea FORMAT tSW.ENTER ANTHROPOHEYRIC CORRELATION MATRIX DATA IN A RObIN
flog IISE UPPER './,SX. 'TRlANGULAR FORM.',/.SX, 'NOTEt ALL DIP1OONRI. tLEM

I1SO 2E'IT9 MUST EQUAL 1.00041'.1. LMNS OUN
192 570 FORMAT (SX.4MA0W .12.''1'EEENS CLUS .2-.2.II
292 Se0 FORMAT (SX.4IIROW I2t'I. ELEMENT, COLUMN'.2))
19 aS S90 FORMAT 1MO.2ShuuwENTER THE REMAINING .12.18Mu ELEMENTS FOR ROM .12

195 600 FORMAT (IOX.'isiwuACCPTOSI THE LAST '.22.* INPUTS HAVE SBEEN IGNORED'
1296 11
197 610 FORMAT (SWINPUT MODEtl-INTERACTIVEs2uFILEI --'l

t298 620 FORMAI (SX.'READ MiOOEtiIFORMATTE~s2mUNFORMATTEDI --'I k
log 630 FORMAT (IOX. '%%iwACCPTD80 RE-ENTER DATA FOR '. 121

* ~200 6140 FORMAT (I0X.'uAwuRCCPTI300 RE-ENTER DATA FOR ROW '.131
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"201 650 FORMAT (1OX.'lxHRCCPTlS5 INVALID RESPONSE')
202 660 FORMAT (IOX,'wmmACCPT UNEXPECTED EOF ON NIMERS FOR HERS '.121

203 670 FORMAT (10X,'wNwREADFL4030 FILE ANTSTA IS NOT ATTACHED TO THE PROG
204 lRAM'./,l0X.*%mUNFORMATTED READ ON THIS FILE IS ABORTED --- I)

205 680 FORMAT (lOX,'x wACCPT3000 TOTAL ERRORS ON INPUT DATA '.15)
206 690 FORMAT 1* MEANSTD 0EV 4CORRELATION DATA READ')

207 700 FORMAT (IOX°'mwKRCCPTISO INVALID DATA RT LINE '.15)
208 710 FORMAT (IQX,'wowvRCCPT1200 UNEXPECTED END OF FILE')
209 END

'I

* 93



I SUBROUTINE EDIT
2 COMMON/MCSM/CORR (783 PANTH (2.123 .V 25) .NMEASKN,

3 1 SOROOT(78).X(2S3,IU,NTMEAS.ICOUNT.
'1 2 INRI¶E(10) ,ITMEAS,NIHEAS.MAXSAN.NTEI4P
5 COM'ION/MISC/IOIN. ICOUT, ICARD

6 DIMENSION BUFF (3)
7 DATA BUFF/3x0./

8 IOIN-S
9 100 CONTINUE
IQ WRITE (8,350)
it CALL INPT (..1.t4VRL5Z.IOPT.XvAL.IEOFI
12 IEOFPIuIECF~1
is GO TO (130,100,110.120.340O.120). IEOFPP
14 110 CONTINUE
is CALL. HELP (81
is Go TO t00
17 120 CONTINUE
18 WRITE (6,3603
to GO TO 100
20 130 CONTINUE
21 IF (IOPT.LT.I.OR.IOPT.GT.5) G0 TO 120

A22 GO TO 11110,140.240,330.3401,IOPT
23 140 CONTINUE
24 ICOL-IOPT
25 150 CONTINUE
28 MAXINP*2
27 NAMT*0
28 180 CONTINUE
29 If (ICOL.EQ.13 WRITE t6,3801
so If tICOL.EQ.21 WRITE 16,390)
31 170 CONTINUE
t2 IVALSZ*NAXINP-MANT

J*NA"lT+1
34 CALl. INPT (2, IVALSZ,4VR*LSIIVAL.BUFF U .IEOPI

38 GO TO 1220,100,200,190,100.2101, lEOFPP
37 180 CONTINUE
so WRITE 16.3701

%a 190 CONT INUIV 41 WRITE (613601
4? Go To too
43 200 CONTINUE
44 If tICOL.EO.I) CALL HELP flli

m3 IF tICOI..EO.21 CALL HELP 1121

46 Go to )s0
47 210 CONTINUE
48 IOLIST-NVRLSZ-1V14LSZ

49 NWRITE 4,4#00) IOLIST
so 220 CONTINUE
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52 KAIT-NVALSZ+NRMT

53 IF (NFIMT.GE.MAXINP) GO TO Z30

514 IF (ICOL.E011) WRITE (6.4120) IROW

SS IF ITCOL.EQ.2) WRITE (6.4301 IROR

so GO TO 170

S7 230 COMI I NUE

se CALL FIERSONtI (ICL.IRON$.8UFF 
121.O.1FATAL)

S9I if IFATRL.EOQl) GO TO 150

so ANTH ( IC0III ON1 BUFF (21

82 2'40 COnTN71NE

64 t4AWVUO
8s 250 CONTINUE

66 WRITE (601101

6? 260 CONTINUE

Se IVALSZOMAXINP*NAI
4 T

69 J&HAKT*1

70 CALL INP7 l?.&VAFLSZ.NVALSZlVRL.BUFF 
U) .IEOFI

71 IEOFPIulf1OF4I

72 GO TO 3).?.9.8.Q 0) IEOFPP

73 270 CONTINUE

74 WAITE (6,3701

is GO TO0 250

is 280 CON4TINUE
77 WRITE ts.380)

16 GO TO 250
79 29 CONT(NUA
eo CALL htLP (13k

Si Go 10 250

02 300 CONTINUE

63 O0IS7-N~VAL3Z- IVALS!

84 NItE te.14001 IOLISI

as GO TO 320

as 310 tONIWJUE

68 ?ftLOl.UFftil

69 I4KlWAIT*NVALSXT

So It (NR4T.G.E.H~AKvP Go 10 320

92 Ir f NmT.E0.2
1 WRITE 16.4001 ICOLIRtOl

64 320 CONTINUE

is COLL MtASON 1 j0.AUBF 3 0II¶L

416 IF IIFATAL.E0.I) 40 10 240

27 CALL MAESON *.IKell 1R0V. BUFF (31 .0. IFAIISLI

Se If (tAI~RLE9.11 GO TO Ž140

29 MeNOX(1F(MI.COL)

Ica cOam IN) *Burr t131



101 GO T3 100
102 930 CONTINUE
103 CALL PRINT
104 GO TO 100
105 340 CONTINUE
106 RETURN
107 3O50 FORMAT [SX, 'EDIT MODE (I-MEANSi2-ST0t3-ANTH.CORRi4-PRINTS-ENO0--')
108 380 FORMAT (I0X,'%wE01IT0O44 INVALID RESPONSE*)
109 370 FORMAT (IOX.'etwEDIT095 NO INFORMATION ENCOUNTERED')
110 380 FORMAT (SX.-INPUT INDEX AND MEAN VALUE')
111 390 FORMAT t5X.'INPUT INDEX AND STANDARD DEVIATION')
112 400 FORMAT (CIX.'•wiEDIT W12 THE LAST',12.' INPUTS HAVE BEEN IGNORED'I
113 410 FORMAT (SX,'INPUT COLUMN , ROW AND COhRELATION'I
114 420 FORMAT (SX 1 'INPUT KEAN VALUE FOR INDEX *.131
115 430 FORMAT (SX.SINPUT SIANDARD DEVIPTION FOR INDEX ',13)
116 44"C1 FORMIT (SX,'INPUT ROW AND CORRELATION FOR COLUMN 1.12)
117 '50 FORMAT (5X.'INPUT CORRELATION FOR ROW '.12,' COLUMN '.121
118 END

'19
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I SUBROUTINE NRHEFL IIERROR)
2 COMMON/NCSN/CORR (78).RNTM (2.12 ,V (251 .NMEAS.KN,
3 1 SOROOT(78).X(25,IU,NTt¶EAS,ICOUNT,
4 2 INAME (10).ITMEAS.NINEAS.HRXSAM,NTEMP
5 COMNON/IiISC/ICIN. bOUT. ICARD
a DIMENSION IBUFF(10I.XVAL(10)
7 DATA IBUFF/10w4H /
8 DATA I4BLK/4H /
9 IERMROR-
10 Do 100 J61.4
11 IBUFF(JV-14BLK
12 100 CONTINUE
13 110 CONTINUE
14 If' (101IN.EQ.S) WRITE (6.1831
15 CALL !NPT (4.10.NVALSZ.IBUFV.XVALIEOF)
is IF (IEO7.LT.2.OR.IEOF.EQ.$) GO TO 150
17 If IIOIN..NE.51 GO TO 140
is IEOFRI41IEOF-I
19 GO TO '120.130.1701, IEOFttl
20 120 CONTINUE
21 CALL HELP (14)
22 40 To 11o

23 130 CONTINUE
Z4 NAMV (6,190)

25 GO TO 110
*28 140 CONTINUE

27 WRITE (8,190)
28 IERRORmI
29 )so CONTINUE
so Do 160 J-1.10
31 INA14E J) -I UFFP(J)
32 180 CONTINUE
33 (70 RETURN
34 101 FORMAT (SWOPEF1AtO SAMPLE DESCRIPYION(40 CHAR (tAXI ---- *)
35 190 FORNAT tICK. 'owt.NAKEFL027 INVALID RESPONSE')
38 END
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0 SUBROUTINE OPSAMP (ISAMP)
1 COMMO0N/14CSM/CORR (78) .ANTH (2.12) .V (25) ,NIEAS,KN.
2 1 50R03T(78).X(25.IU.NT)'EASICOUNT,
3 2 INAME(10).ITI4EAS.NIMEAS.MAXSAN,NTEHP
'A COMMON/MISC/IOIN.bOCUT. ICARD
5 DIMENSION IRAN (9)
B DATA IRIAN(1),JRAN(2),IRAN(3).IRAN(4),IRRN(5),IRAN(B),IRAN(?),
7 1 IRAN (8) *IRAN (9) /33333333,5555SS55.77777777.222222221,
a I qq44444443, 68668889,888888889.999999999. 123456789/
9 I0IN-5
10 DO 100 Ku1,IKN
11 SOROOT (tKI CIRR (K)
12 100 CONTINUE
13 CALL SQRMX (NERRCR)
14 IF (NERROR.EG.II RETURN
is 110 CONTINUE
is WRITE (6,3201
17 CALL INPT t1.1.NVALSZ.NSAMPXVAL.IEOF)
l8 IEOVPI.IEOF*I
19 GO TO 1150.120.130.140,290.140).IEOFPI
20 120 CONTINUE
21 WRITE (8,330)

22 GO TO 110
23 130 CONTINUE
211 CALL HELP (15)
2S GO 1O 110
28 140 CONTINUE
27 WRITE (6,3402
28 GO TO 110
29 ISO CONTINUE
30 IF tNSAHP.GT.0.ANO.NSA1IPLE.NRXSANI GO TO 1S0
91 WIRITE (8.350) MAXSAI4
32 to To 120
33 160 CONTINUE
34 WRITE (6,300)
3S CALL INPT (I.1.NVALSZ4KTYPE,XVAL.IEOFI

38 IEOFPlIt0EF*l

S7 00 TO (190.180,17O.180.290.l80l.1EOPPI

so3 170 CONTINUE
32 CALL HELP (20)

to4 GO TO 160
'I1 1S0 CONTINUE
42 WRITE (6,3401
413 GO TO 1SO
414 190 CONTINUE
NS IF (IITTPE.NE.32.A#40.HTYPE.NE.601 GO TO 180
48 200 CONTINUE
q? WIRITE 18,3101
v0 CALL INPT (II.,NVALSZ.I3.XVRI..IE5Fl

is IECFPI*IEGF'1
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50 GO TO (240.210.220,230.290,230), IEOFPI
51 210 CONTINUE
52 WRITE (6,330)
53 GO TO 200
54 220 CONTINUE
55 CALL HELP (211
56 GO TO 200
57 230 CONTINUE
58 WRITE (6,340)
59 GO TO 200
60 240 CONTINUE
61 IF (IS.EQ.0I GO TO 250
62 IF (IS.LT.I.OR.IS.GT.g] GO TO 230
63 IUmIRAN(IS)
6q GO TO 260
65 250 CONTINUE
66 lUv67111133
67 260 CONTINUE
68 REWIND NTEHP
69 WRITE (NTEMPI INAME.NMEAS
70 DO 280 1I1,NSAIP
71 CALL SINSUB (ITYPE)
72 00 270 KvINMEAS
73 V(K)'V tK) mANTM (2.K) •ANT (IXK
74 270 CONTINUE
75 WRITE INTEMP) tV(IO),IO*I.NNEAS)
76 280 CONTINUE
77 ISAMP-1

758 EN0 FILE NTEMP
79 REWIND NTEMP

SO REWIND NTMEAS
61 C WRITE,6.370)
62 370 FORMRT( IOX, 'mti SAMPLE DATA SAVED ON FILE 9')
s3 WRITE (6,360)

64 290 CONTINUE
85 RETURN
s8 300 FORMAT (SXOENTER MACHINE WORD SIZE 132 OR 60 BIT) -- 'I

67 310 FORMAT I(XS ENTER RANDOM NO SEED (O IF NONE OR 1-91--1

6B 320 FORMAT ISE.'INPUY SAMPLE SIZE -- 'I
69 S30 FORMAT (IOX.'-,-OPSAMP2?S NO INFORMATION ENCOUNTEREDOs
90 340 FORMAT (IOX,'l-wOPSANP4II INVALID RESPONSE')
91 350 FORMAT IONX.l'wwOPSARPO09 SAMPLE SIZE MUST BE BETWEEN I AND ',13)
92 360 FORMAT (lOX. *-*wSAMPLE DATA SAVEO ON FILE SAMPLE OR TAPE 3.4'

93 ENO
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1 SUBROUTINE PRINT
2 COMMON/I4CSM/CORR (781 ANTM (2.121 .V (25) .NMEAS.KN.
3 1 SOROO0T(78).X(25).IU.NTMEAS,ICOUNT,
14 2 INANE (10),ITMEAS,NIMEAS.14AXSAN.NTEMP
5 COMMON/MISC/IOIN.IOOUT,ICARD
B INTEGER FMTPFMTI

7 DIMENSION FM(1NM1)TM(1)IDX2,MIS
8 DATA FMTIT /'(IX. '.* '. (2X.' 'A2,2', 'X) ) V
9 DATA FH~T (I X.' (SXJ .'B.' 1
10 DATA NUM/IHI.1N2.1H3,1t14,1H5.IH6,1H7.ItS.ltlS,2tl1,2H8112H12/
11 FlTIT(21 .NUM INMEAS)
12 ISTOHEO0
13 IOFLAGmO
114 100 CONTINUE
is WRITE (6.6301
is CALL INPT (I,I.NVRLSZ.IOPT,XYAL.IEOF)
17 IEOFPI=IEOF41
1e GO TO (120,110.l10.110.390,1101.IEOFP1
19 110 CONTINUE
20 WRITE (B,650)
21 GO TO 100
22 120 CONTINUE
23 IF (IOPT.LT.1.OfI.IOPT.GT.14)0 TO 110
24 IF (IOPT,E0.1) GO TO 130
25 IF (IOPT.EQ.21 GO TO I50
28 IF (IOPY.EQ.1 GO 60 T 390
27 GO TO 190
28 130 CONTINUE
29 WRITE 46,5801
30 00 140 IRON-I.NMEAS
31 WRITE (8,8401 1MOW.(ANTNIJO.IMW) .JOsI,21
32 1140 CONTINUE
33 WRITE (8,8201
314 Go To t00

4 3 150 CONTINUE
38 WRITE 16,5901

37 WRITE 16.FMTII (NUMIIO)IO10*.NNEAS)
so WRITE (6.8001
39 00 180 IROW*I.NMEAS
140 00 160 1COL-I.NNEAS
41 N.ND~tIAOW.ItOLl
#42 YEIP I3COU. CORA (it
143 180 CONTINUE
'44 IF mrow1~0WTII GO TO 170
415 W4RITE (8,6101 (TENFIP(C0Il.ICOL*IROI(.NMEAS)
148 GO ToIto
147 170 FMT(216HUN(1ROV14.
No8 F14 114) -NUN INMEAR5 I - IAt0S
149 WRITE (GJNITI lTEKP(ICO&i.ICM'.-Ift0I.N14ER5l
so .18 CONTINUE
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51 WRITE (6.620)

52 GO TO 100
53 190 CONTINUE

5B WRITE (6.430)
55 IF (ICFLfAG.LT.1) WRITE (6.440)

56 IOFLRGTI
67 C22 LL INUPT (.2.NVLSZ.INDEE.XVRLoIEOFI

68 IEOFPISIEOF!L
59 GO TO (230.270,200.210,1O00.220. IEOFPT

60 200 CONTINUE
61 CILL HELP (19)
72 ITFL8G-0

63 GO TO 190
64 210 CONTINUE
65 WRITE (6,T20)
66 GO TO 190
67 220 CONTINUE
Se IOLIST-NVRLSZ-2

69 WRITE (6,4501 IOLIST

70 230 CONTINUE
71 IF IINOEXII).GT.01 GO TO M

72 WRITE N6,LOO)
73 GO TO 190
74 240 CONTINUES7S IF (ISTORE.GT.O.ANO.INOEXil).GTISTOREI GO TO 2S0

76 NRSKIPwINDEX'II-I
77 GO TO 260

S70 250 CONTINUE
79 NRStKIP*INDEX(I)-I$TORE-J

6O 260 CONTINUE

91 ISIART-INDOEX 1t

82 If (NVGLOZ.EQ.I) GO TO 280
as IF tNVALSZGE.21 G0 TO 290

64 270 CONTINUE

as IOR010
at ISIARToI

07 IENO-999

so NRSKIP*O

89 GO to o20
Sgo 2e0 CONTINUE

Sg2 60 To S10

Is 290 CONTINUE
94 If (INOEXIIILE.IN0EX12J1 GO TO 30,0

as NAM (6,101

26 Go to 1.0
27 3100 CONTINUE

28 KENO, IPOEX (2)

§9 310 CONTINUE
too IF IINOEXil).GTISTORqE.ANO.ISTORE-NE.OI GO TO 330
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101 320 CONTINUE
102 REWIND NTEI4P
103 READ (NTEMP.ENO-41OJ INAME.NMEAS
l104 330 CONTINUE
105 IF (NRSKIP.LT.11 GO TO 350
108 00 340 I-l.NRSKIP
107 READ (NTENP.ENDu400) (V (K) .Ku1 ,NPEAS)
108 340 CONTINUE
109 350 CONTINUE
110 WIRITE (6,530) (INAHEU01IO) II0J11
III If (ISTART.EQ.IEND) WRITE (6,540) lEND
112 IF (ISTART.NE.IENO.AND.IENO.NE.999) WRITE (8,5501 ISTARTOIEND
113 WRITE (6.5001

* 1114 WRITE (6,FMTI) (NUH(IO).I~wI.NMEAS)
115 WRITE (6.8001
116 ISKIPMO
117 NFOUN*O.
l18 00 360 1-ISTART, lEND
119 IF (ISKIP.EQ.I) WRITE (8.4601
120 ISKIPGO
121 IF (ISTART.NE.IEND.RNO.I.NE.IENO.AND. (I/S)otS.EQ.I ISKIPul
122 READ (NTEMP.ENDu370) MVK1.KnI.NMEASI
123 NFOUND*NFOUND* 1
124 ISYCREal
125 WRITE t6.SI0) (V (KI Kuil. MHEAS)
128 380 CONTINUE

¶127 Go To S80
120 370 C 01411NUE
129 If IIENO.NE.999.RNO.ISTART.NE.IENDI WRITE (6.4701 IEND
150 ISTOREMI
IN1 If tNFOUNO.LT.1) wA1TE (8.580)
152 3810 CONTINUE
133 WRITE (6,S201

ISI 1 So39 CONTINUE
ISO REWIND NTEKP

13? AtTUAN
Ise 4100 CONTINUE
132 IOLZST1*14#STOIRE
1N0 WRITE MIMI80
141 GO TO 190
142 %s0 CONTINUE
149S MAITE (615701
1144 so 10 100
145 *120 FOR14AT IIOX,* uuP'RINtISS INVALID MEPOt4SE's
148 430 FORMA 1SX.OUTPUt ~l~'
147 1440 FORMAT (I O, 'FOR1 ALL OPERATOR DATA (ENTER CARRIACE AtETURtNl'., 1OX,

104l *FtM INDIVIDUAL OPERIATOR DATA (ENTER OPERATOA NURBER1 .f, 101. -FOR
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151 'i5O FORM4AT (lOX.'mwtVPR1NT119 THE LAST'.14J,'INPUTS HAVE BEEN IGNORED')
152 460 FORMAT tIH I
253 470 FORMAT (IOX,*wx.PRINT211 ERROR IM UPPER INDEX -. 4
1514 q80 FORMAT UOX.NmwNPRINTI20 INDEX NO. LESS THAN OR EQUAL'./.'mmxT
155 10 ZERO 1S NOT VALID')
158 490 FORMAT (10X,'w~wPRINTI60 FIRST INDEX MUST BE LESS THAN SECOND INDE
157 1IX'
I58 500 FORMAT (2?X.'OPERATOR SAMPLE*.,/?! (IH-11
159 510 FORMAT ClIFS.2.FS.2)
160 520 FORMAT (71 (IM-))
161 590 FORMAT (IX.10A4,IOX.A'1)
162 5110 FORMAT (IOXOPERATOR NO-.141
163 550 FORMAT 11OX, 'OPERATOR NOS',1'J.' --'.14)
1814 S60 FORMAT tIOX.'otmwPRINTIS0O INDEX NUMBER EXCEEDS RECORDS IN OPERATOR
165 1 Fftfwww']
166 570 FORMAT (IOX~wwwPRINTI600 FILE SAMPLE IS NOT ATTACHED TO THE PROGR
167 1AM'./.I0X.*,,wOPERATOR OUTPUT REQUEST ABORTED --. /
Ise 580 FORMAT t/.21X.'EANS AND STANDARD 0EVIATIONS'./.1X.?0(IH-1,/.2X.2M
I69 IEASUREMENT',6X1'MEANS',BX,'STD E'/IX71Hf
170 590 FORMAT (/.7YX.CORRELA1ION MIIAIX FOR ANTHROPOMETRIC MEASUREMENTS%.

172 600 FORMAT (IX,70(IM-1)
173 810 FORMAT (IX,12F6.3)

1 "14 620 FORMAT 11. 70(1 H-))
175 630 FORMAT (SXO"PRINI MODE:1-MEANISTWt-COAR KThXt*.'3-OPER MEAS,'a-EN
175 101-11)
3 77 640 FORMAT 17X,M25X.2(5X.F7.211
176 650 FORMAT lIOX. 'mwwPRINTI03 INVALID RESPONSE'3
M7 END
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I SUBROUTINE RAND2 (RNORM,MTYPE.QURN.IJ)

2 COMNON/MCSM/C08RC'78) PANTM (2. 12).V(2S) ,NNERS.KN,

3 1 SQROOT (783 .X(25) .IU.NTMERS.ICOUNT,

4 2 INAME (10).ITMEASNIMEAS.MAXSAHNTEMP

s DIMENSION GUAN (23
6 COMMON/MISC/IOIN. bOUT. ICARB

7 1J-IJ~I
a IF (IJ.E3.2) GO TO 110

9 100 CONTINUE
10 Xlu2.0l"UNFOR14 (MTTPE) -1.0

11 YI-2.0,'UNFORM(MTYPE)-l.0
12 SuXIwXl+YlYl
I3 IF (S.-GE.1.0) GO TO 100

V14 SwSQRT (-2. OvoALOG(S) /S)
is Q0UAN(I)*Xlh*S
16 OUANI2IuTlmS
17 110 CONTINUE
!eI RNORH-QURN I IJ)
19 IF dIJ.EQ.21 1.1.0
20 RETURN4
21 END
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0 SUBROUTINE REASON (ICALL.ICOL.IROW.TSTORI.TSTOR2,IFATAL)
I COKNON/MCSI4/CORR (781 .RNTN(2. 121 ,V (25) .NIERSKN.
2 1 S0ROOT (78) ,X(I*S) .IUNrNERS.ICOUNT.
3 2 INAMEIIO) .1TNEAS.NIMEAS.HAXSAN.NTEMP
if , CONNON/NISC/10IN.OCUT.ICARR
5 IFATALw0

O IAFLAGuO
7 C NR1TEIS.901) ICALL.ICOL,IV(ON,IFATRLTSTORI.TSIOR2
a 901 FBRHPT(* PRESON lo 4110, VF10.3)
9 IF (ICRLL1.LT.0) IAFLRGs1
10 ICRLLsIABS(ICALL)
It IF (ICRLL,G1.11 GO T0 110
12 IWRITEwI
IS If (IMW4.LT.1.0R.1R0N.lG7.Nh1EASl GO 10 120
14 If (ICOL.EQ.2) GO TO 100
Is RETURN
18 100 CONTINUE
17 IRRITEae
to IF (TSTOR2.LT.0.I GO TO 120
to INRITEUS
20 IF (TSTOR1.LE.TSTOR21 GO TO 120
21 RETURN
22 110 COMINtUE
23 IMR1TE-1
214 If (IMOI4.Ll.0.0RIRUI.Gl.NI(EASl GO 10 ISO

23 IhaRIlE02
to If lICCI..LE.O.0R.ICOI.Gl.NftAESl GO TO 130
27 IRT~
as If l1R014.GT.ICOUI GO TO 130
29 If ICL.E0.31 RETURN
s0 IRIIRIE.4

31IF IIO.E.0.M.$O1N..0~ GO TO 130

310 1i411 tEw8
35 ~ I IF TStOI.G14.1.O001 GO TO 130

so3 RETURN
37 120 CONTINUE

38 ~If (IWRAITNE.I.ANO.IOIN.IIE. I4AIT! 44.2801 IRON
36 00 TO 1190.IQO.lS01. IMAITE

40 1I0 CONTINUJE
Iii ~ G T0 '10I90,20O.NI0.:Sodlo.IftO, INRITE

12 1#40 CONTINUE

43 MAIYE (612301

is 150 CONTINUE
44 MAIM (6.2~401

47 CA ?d220

to 160 E162o I RON. I COL
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SO Go To 220
51 170 CONTINUE
52 WRITE (6,260) IRONICOL
53 GO TO 220
S4 180 CONTINUE
55 WRITE 16,2701 IROWICOL
s5 GO TO 220
57 190 CONTINUE
58 WRITE 16,2903 IRtRE,NMEAS
59 GO TO 220
60 200 CONTINUE
at WRITE (6.3001 ICOJLNNERS
82 GO TO 220
6S 210 CONTINUE
SN NAITE t$8310) IRODICOL
65 GO TO 220
66 220 CONTINUE
67 IFATAL-IS66 IETURN

69 230 FOANAT (IOXW'-mREASONIISO STANDARD DEVIATIONS LESS THAN ZERO'l
70 240 FORMAI (IOX.'.-*REASON1200 STO. GREATER THAN MEAN VALUE.'1
71 2O -FOANAT lIOX.'*.vREASONI2SO DIAGONRL ELEMENT IN RNO *.12.i.)0W.'uwf
72 ICOLUHN "112.' Is NOT EQUA. TO 1.0*1
7) 260 FOR•AT tPOX. *amREASONISO0 ENTRY IN COLUMN '.1M.' IN .,2,/,1Z"
Ill |wuwI5 LESS THAN "|.0')

?s 270 FORMAT (IOX.'w-uREASON-•50 ENTRY IN COLUMN 1.12.' ROM ',12./.IOX.'
76 IluwuS GREATER THAN *1.0')
77 280 FORMAl flei, 12.
76 290 FORMAT riOT, 'e-oREASOISO0 ROU '. 12.' IS LESS THA5N ZERO OR GMEATER
79 1 THAN 11121 .
"s SOO f0AAAT 1101W. REASONI16O CkUMNN ".12,' 13 LESS THAN ZERO OR GRMA
$I Itc THAN .1la2
U 310 FORmA 1IX0U.'',-REASON1?7o RON '.U.6COLUMN '.12.' I$ OUtsIDE or
65 IUPP /'. fOX, °'u'lTRIANCk.A RKGION Of CORRELATION THRIX. "I

SON EUO

""'I
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I SUBROUTINE SAVE
2 COMMON/MCSN/CORA (78) .ANTH (2.12) .Y(251 .NIERS.KN,
9 1 SQROCT (78) .X(25) .IU.NTHERS.ICOUNT.

14 2 INAMEIIO) ,ITMERtS,NINiAS.MR4XSAM.NIEMP
5 COMMON/NISC/IOIN, 10001,ICARD
a REWIND NYMEAS
7 WRITE (NTMEAS) NHEAS.KNINRME
S WRITE (NTMEAS) UANThUO.,JO,1O-.12).JOxl.NNERS)

I9 WdRITE (NT?"EAS) (CORP (101 .10-1.KN)
10 REWIND NTMEAS
11 WRITE (6,100)
12 RETURN
Is 100 FORMAT(' )4EASEURENENT DATA SAVED ON FILE ANITAT OR TAPE ?*I
14 END
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SUBHOUIINE SISU tMYPE)

3 1 SORoOT ,78) X (25) 1 UNT EAS, I C OUNT-

4 ~ 2 INA E110).I MERS,NIMiEASNAXSAHINTEMP

5 COMMON/NISC/OIONIOOUTJCARD

B DIMENSION T (45)

7 IJ-0

a 11O 100 1s1.NMEAS

a V (1)"0.0

10 CA4LL RRA402 (RNORI4,NTTPE.QURN.IJ)

11 100 YTI)SANORK

12 DO 110 JI1.NMEAS

13 00 110 Jul.1

14I IINDX(J.I)

15 110 V (11)-Vt (1) 4Y() uSOROOI7 (K)

i6 RETURN

17 END
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0 SUBROUTINE SQRMX (NLRROR)

I COMMON/IICSM/CORR (78) .RNTH (2,323 .V(25) ,NMESS.KN..
2 1 SQROOT(781.X(25),IU,NTMEAS.ICOUNT.
3 2 INANE(101.ITMEAS.NIMEAS.MRXSAN.NTENP
m COPMtON/MISC/IOIN. IOOUT. ICARR
5 DIMENSION 7X(7)

6 INTEGER ZX
7 NERROR=0
a 00 120 Iul.NI4ERS

10 N-NDX(1.I1
I1I IF !SQOMOT(N).LT.0) GO *TO 130
12 SQwSQRT (30ROO' (N))I
is 00 100 Jwl.NMEAS
Im N-NOX1I,J)
Is SOROOT (N '-SOMOT (N) /StU
18 100 CONTINUE
17 IF (I.EODrnER) NERROR-0

is If (I.EQ.NMEAS) RETURN

20
21 W.~ ;10 12u11,NIIEAS
22 00 310 J2-12,NMERS
23 NmNDX t I?.J21

24 L-NOX(I.121
25 KwNDx(Ij2I
26 SOPOOT (N4) mSfOROO (Ni) -SOROOT (LI siSGROOT tK)
27 ZX(6)012
28 2K (7) .J2
29 110 C3NYINUE
so ZX t3) N

32 ZX(S)wKif33 120 CONTINUE
34 30 CONTINUE

35 NEVIROR-1
38 WRITE (6,180)
37 140 CONTINUE
34 4411TE (6.1901U so CALL INPT 1q..,NvALS2.3Am5.xVf41..IOF)
40 lE8FP.*IEVr'
%I GO TO 1370.160,150.I70.160,170). SEOPP
112 ISO CONY INUE
lis WRITE t6.200)

Ii IV~~4 WRITE 16,2101 ZW317.OOTN
45 360 CONTINUE

Ia R6ETURN
kk17 170 CONTINUE

46 WRITE 18.2201
42 Go 601140

109



50 180 FORMAT (lOX.'mNwSQRMXO5I ANTHROPOMETRIC CORRELATION VALUES ARE INV

51 IRLIO')
52 190 FORMAT (iOX,'-- ENTER CARRIAGE RETURN TO CONTINUE PROCESSING-./,IO

53 IX,,-- ENTER ? TO DISPLAY 5QRMX VARIABLES. ']

54 200 FORMAT (lOX.'NumSORMXD82 AN INDEFINITE QUANTITY HAS BEEN DETECTED

55 iBgy,Io8OX.'°MSORMX. VARIABLE LIST WITHIN SQRMXt',/.IOX' N L

58 2 K 1 11 12 J2 SOROOT',/,IOX,44(IH-))

S7 210 FORMAT (BXI( 9XI2),4X,31I2.3X),FB.3,/.Iox,4IU1t1}'/)
58 220 FORMAT (IOX.'KwwwSQRMX060 INVALID RESPONSE*W*')

59 END
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I FUNCTION NDX((I.J)

2 IF (I.GT.ji GO TO 100

F NOX-I+ (JtcJ-J/2
4 RETURiN
5 100 NOX-J4(I1'I-1/

2

B RETURN
7 END



-
FUNC-TION UNFORM(MITTE)

2 CONjjiN iNcStif CORRt781.ANTM(2,12),Y(25),NNEAS.KN.
23 lSOROOT(78).X(25).IU.NTIMEASCU .

'1 2N~t, (10 .ITERSNIMEAS.MAXSAM.NTEMP

5 CONMeONIMISC/101N.1OOUTICARD

6 DATA IX/167?7213/.C/2814749
18 710655.1

7 IF (ItTYPE.EQ.321 GO TO 100

8 IUmIUKIX
9 UNFORMUIU/C
10 RETURN

It 100 I~uIUWBSS3S O t
12 IF (1U.GE.0) GO TO 11
13 IU-lU*2147483$'1

7

14 110 UNFORM-IU
Is ~ UNFORMwUNFORMN.Q658613E-

09

is RETURN

17 END

i I
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SI SUBROUTINE HELP i1)

2 RETURN
3 END

1i1
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100000 BLOCK DATA
100001 COMMON/MCSM/CORR (781 ,ANTM (2.12 .v (25) ,NMEAS.KN.

100002 1 SOAOOT(78),X(25).IUNTMEAS.ICOUNTI
100003 2 INANE (10) ITMEAS.NIME1iS.MAXSAI4.NTEMP
100004 COMMON/MISC/101N,1OOUT.ICARA
100005 DATA lOIN. IOOUT.NTEMP.NTt4EAS.N1HER3/5.6.

3 ,',l'

100006 DATA IIAXSAM/400/
100007 DATA NTMEAS.NIMERS/2.4/
100008 1. 1COUNT/0/
100009 DATA ANTM/240. / .COMI?78w0./. INAHE/4NIIH

100010 END
100011 1

Ilk
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0 SUBROUTINE PUNRT
I CONNON/MCSI4/COrR (78) .ONTN(2.12) .125) .NMERS3,RNP

I2 1 SOROOT(78,X(25),IUNTNEAS.ICOUNT.
3 2 INAME(I0),ITMERSNIMERS,MAXSAM.NTERP
14 COMIMON/I4ISC/IOIN. IBOUT.ICARD
5 REWIND NTEIIP
a REWIND 9
7 C
8 2 CONTINUE
9 READ (NTEMP.END-140) INANE.NMEAS
to NRITE(9,2711 INAMEINMEAS
it C
12 '4 CONTINUE
13 READ(NTEMP.END'.370) (VEK)l) .NKml ERS)
14 WRITE(S.271) (V(K).K*I.NPIERSI
is 271 FORMAT 20rAQ
is GO TO 4
17 370 CONTINUE
18 ENOFILE 9
is WRITE (6.272)
20 272 FORMAT(IOX. 'umom DATA SAVED ON PILE 91)
21 REWIND NIEMP
22 RETURN
23 140 CONTINUE
24 WRITE(6,'141)

'I2S 141 FORMAT(IOX. ERROR DATA SET DOES NOT EXIST')
26 RETURN
27 END
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